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As  we  know,  the  higher  the  percentage  of  nitrogen  In  the  cycle,  the  greater 
the  efficiency  of  the  Mllls-I^kard  process,  the  nitric  acid  losses  depending 
largely  upon  concentration  ratio  of  the  nitrogen  oxides  to  the  sulfur'  dioxide 
in  the  gas  phase.  Correcting  this  ratio  In  tine  as  the  concentration  of  the 
sulfur  dioxide  fluctuates  ensures  nlnlmura  losses  of  nitric  acid.  A  change  In 
the  concentration  of  the  sulfur  dioxide  Is  due  to  the  Irregular  supply  of 
pyrites  to  the  furnaces  and  occurs  In  all  sulfurlc-acld  plants. 

Changes  In  the  required  ratio  "between  the  concentrations  of  the  nitrogen 
oxides  and  the  sulfur  dioxide  result  in  periods  of  operation  of  tower  install¬ 
ations  during  which  the  losses  of  nitrogen  oxides  rise  sharply.  It  Is  certain 
that  the  absorption  of  the  nitrogen  oxides  Is  most  complete  when  they  exist  as 
an  equlnolecular  mixture  of  NO  and  KO2.  When  the  SO2  concentration  rises,  the 
extent  of  oxidation  of  the  nitrogen  oxides  Is  too  low,  the  NO  predominating, 
while  a  drop  In  the  SO2  concentration  causes  the  nitrogen  oxides  to  reach  the 
absorption  zone  primarily  as  KO2-  Careful  maintenance  of  the  required  con¬ 
centration  ratio  ensures  a  low  consxncptlon  of  nitric  acid  even  at  extremely 
high  operating  loads,  while  a  departure  from  this  ratio  results  In  a  high  loss 
of  nitric  acid  even  at  low  operating  loads. 

At  the  present  time,  as  the  result  of  accumulated  experience,  we  possess 
various  means  of  correcting  the  degree  of  regeneration  of  the  nitrogen  acids 
in  the  tower  system.  In  addition  to  the  use  of  a  regulating  oxidizing  space 
in  the  shape  of  a  special  non-trlckllng  tower  between  the  production  and 
absorption  zones  of  the  system,  these  means  Include;  regulating  the  con¬ 
centration  of  H2SO4  In  the  nltroses^  employing  a  sulfur  dioxide  by-pass; 
feeding  the  mixture  Into  the  next  to  the  last  tower;  using  the  unregulated 
space  above  the  brickwork  In  the  first  absorption  tower  for  the  complete 
oxidation  of  the  nitric  oxide;  xising  this  same  volume,  but  regulating  the 
passage  of  all  or  part  of  the  gas  through  It;  varying  the  nitrose  trickling 
rate  In  the  towers,  varying  the  temperature  of  the  nltroses  supplied  to  the 
production  towers;  varying  the  quantity  of  fiu*nace  gas  by  regulating  the 
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streams  entering  the  first  two  parallel  production  towers. 

There  are  other  ways  of  regulating  the  regeneration  of  the  nitrogen  oxides  ^ 
such  as:  vetting  peurt  of  the  furnace  gas  In  a  special  device  (by  spraying  hot 
water  or  passing  the  gas  through  trickling  checkerwork,  or  by  using  an  ejector), 
•thus  making  It  possible  to  vary  the  density  of  the  nltrose  In  the  reaction  zone 
rapidly;  regulating  the  concentration  of  SO2  In  bhe  gas  by  pumping  air  ahead  of 
the  production  or  absorption  towers;  varying  the  concentration  of  the  sulfur 
dioxide  produced  In  the  pulverlzed-combustlon  furnaces  by  regulating  the  pyrites 
supply  automatically  (provided  prellmlneury  drying  and  screening  are  not  omitted); 
and  correcting  the  SO2  concentration  In  the  funiace  gas  by  means  of  special 
evaporating  or  combustion  chambers  for  sulfur. 

The  degree  of  processing  of  the  nitrogen  oxides  before  they  reach  the 
absorption  towers  nay  also  be  controlled  by  regulating  the  temperature  of  the 
gas  passing  through  the  unregulated,  or  regulated  oxidation  space.  This  may  be 
done  by  means  of  water-cooled  coolers  set  up  within  the  oxidation  space  or  by 
spraying  cold  weak  sulfuric  acid  or  a  hlgh-nltrose  acid  that  had  been  previously 
cooled  In  a  cooler. 

The  same  purpose  may  be  served  by  feeding  Into  the  first  absorption  tower 
nitric  oxide  (especially  the  oxide  obtained  frcai  the  ammonla-oxldizlng  Instal-  • 
latlon  of  the  sulfuric  acid  plant)  or  nltrlc-acid  vapor  produced  by  heating 
the  mixture  with  steam  or  water  In  a  special  Installation. 

This  list  of  the  methods  available  to  regulate  the  processing  of  the  nitrogen 
oxides  before  regeneration  need  not  be  extended.  There  are  enough  methods  available 
all  of  them  aimed  at  solving  a  single  problem  In  the  operation  of  a  sulfuric  acid 
plant:  achieving  an  efficient  composition  of  the  nltrose  gasses  ahead  of  the 
absorbers. 

It  should  be  stressed,  however,  that  this  problem  Is  not  directly  related 
to  the  problem  of  Increasing  production.  Preparing  the  nitrogen  oxides  for 
absorption  Is  an  elementary  requirement  In  the  operation  of  any  sulfuric  acid 
plant,  no  matter  hew  high  its  load  factor.  We  therefore  believe  that  the  endeavor 
to  regard  the  preliminary  preparation  of  the  nitrogen  oxides  before  their 
absorption  In  a  hollow  non-trickling  oxidizing  tower  as  *one  of  the  decisive 
factors  in  Intensifying  the  tower  process"  (1]  Is  erroneous.  The  controversy 
on  the  role  of  the  oxidation  space  has  for  many  years  diverted  the  attention  of 
workers  In  scientific  organizations  and  plants  from  the  solution  of  Important, 
fundamental  problems  Involved  in  increasing  the  rate  of  sulfuric  acid  production. 

In  the  paper  cited,  Baleev  writes:  **One  of  the  decisive  factors  In 
Intensifying  the  tower  process  of  producing  sulfuric  add  Is  the  preliminary 
oxidation  of  the  nitrogen  oxides  to  an  equlmolecular  ratio  of  the  NO  and  NO2 
before  they  are  absorbed"  (our  emphasis  —  M.  P.  and  N.  K.J.  The  Idea  of 
achieving  an  equlmolecular  ratio  of  the  NO  and  NO2  before  their  absorption 
and  the  installation  of  a  regulating  oxidation  space  for  this  very  purpose  In 
the  shape  of  a  special  non-trlckllng  tower  Is  basically  faulty,  as  has  been 
confirmed  by  the  experience  of  several  factories.  As  a  matter  of  fact,  the 
supporters  of  this  idea  believe  that  the  nltrose  gases  leaving  the  production 
zone,  most  of  whose  nitrogen  oxides  are  in  the  form  of  NO,  can  be  oxidized  to 
a  ratio  of  N0;N02  =  1  In  a  small  oxidation  space  Installed  ahead  of  the 
absorption  zone.  They  forget  that  the  free  space  ahead  of  the  absorption  tower 
Is  about  3  times  as  large  as  the  volume  of  the  oxidation  tower  they  recommend. 
Hence,  the  gas  must  stay  in  the  first  absorption  tower  three  times  as  long  as 
In  the  oxidation  tower.  This  cannot  be  disregarded  In  the  belief  that  the 


62U 


< 

nitrogen  oxides  oxidized  in  a  special  tower  to  an  equimolecular  ratio  of  the 
HO  and  NO2  will  retain  this  degree  of  oxidation  during  their  long  sojourn  in 
the  free  space  in  the  absorption  zone.  It  is  obvious  that  if  a  gas  processed 
NOJIO2  ratio  is  equimolecular  is  fed  into  the  absorption  zone^  it 
will  be  further  enriched  with  nitric  acid  in  that  zone.  In  other  words,  the 
nltrose  gas  will  be  greatly  overoxldlzed,  resulting  in  the  appearance  of  a 
dark-red  tail‘d  in  the  waste  tower  gases,  which  is  evidence  of  an  inadmissible 
increase  in  the  consumption  of  nitric  acid. 

We  might  agree  to  the  advisability  of  processing  the  nitrose  gases  in  a 
special  oxidizing  tower  until  their  NOcNOz  ratio  was  equimoleculeur  if  the 
champions  of  this  idea  proposed  to  eliminate,  or  at  least  to  retard  sharply, 
the  further  oxidation  of  the  nitric  oxide  in  the  regeneiction  zone  by 
resorting  to  such  measures  as:  sharply  reducing  the  free  space  in  the 
absorption-tower  packing;  greatly  increasing  the  specific  surface  of 
absorption,  thus  making  it  possible  to  Increase  the  absorption  rate  of  the 
nitrogen  oxides  greatly  and  thus  shorten  the  time  the  gas  stays  in  the  towers; 
and  using  a  concentrated  furnace  gas  that  is  so  processed  as  to  leave  l-25t 
oxygen  in  the  gwS  leaving  the  production  zone  Instead  of  the  usual  6-65I. 

But  neither  these  measures  nor  any  others  having  the  same  objective  are 
proposed  by  the  champions  of  preparing  the  nitrogen  oxides  to  an  equimolecular 
mlxtiire  in  a  special  oxidation  space.  In  any  event,  no  such  measures  are 
mentioned  in  the  articles  published  in  defence  of  the  oxidation  space. 

Calculations  Indicate  that  if  the  nitrogen  oxides  are  in  the  form  of 
nitrogen  trloxlde  ahead  of  the  regeneration  zone,  the  further  oxidation  in 
that  zone  will  be  so  pronounced  that  the  excess  of  RO2  above  the  equimolecular 
ratio  may  be  as  high  as  15-20^,  in  spite  of  the  marked  retardation  of  oxidation 
due  to  the  decrease  in  the  NO  concentration.  This  figure  is  and  more  in 
terms  of  absolute  concentrations  by  volume,  representing  disastrous  losses  of 
nitrogen  oxides  in  the  waste  gases.  It  should  be  borne  in  mind  that  this  also 

Involves  a  drop  in  the  absorption  rate  due  to  the  appearance  of  nitric  acid 

in  the  nitrose,  and  not  merely  because  of  a  departure  from  the  ideal  NOzNOz 
ratio  in  the  gas. 

We  cite  below  an  illustrative  rough  calculation  of  the  oxidation  of  the 
nitrose  gas  in  the  free  space  in  the  packing  of  the  first  absorption  tower, 
based  on  the  operating  data  for  a  tower  system  in  October  1938  at  a  rate  of 

100  kg  of  H2SO4  per  cu  m  per  day.  This  calculation  shows  the  extent  of  the 

post-oxidation  of  the  nitric  acid  occurring  in  the  absorption  space. 

Initial  data:  SO2  concentration  in  the  furnace  —  9*8^;  system  load  — 

235  t  HfcS04  per  2k  hours;  characteristics  of  the  first  absorption  tower: 

Sino.=  6.5  m,  Htot.  =  Hi,  Hpa.-klng  '  packing  -  ceramic  rings  5°  x  50 

mm;  mean  gas  temperature  Inside  the  tower  —  75  >  pressiure  —  9700-®m  water 
column;  per  cent  nitrogen  oxides  in  the  ges  entering  the  tower  —  6.7^#  in  bhe 
gas  leaving  the  tower  1.9^/  Including  0.2-0.35^  NOz. 

Free  space  in  the  tower  =  260  cu  m;  spec5fic  volume  of  gases  at  75  ®  . 

3078  cu  m  per  ton;  gas  volume  ^ef  secona  =  24^ * ~  sec;  time 

g:is  stays  in  the  tower  =  =  31  sec.  The  oxygen  concentration  in  the  gas 

entering  the  first  absorption  tower  was  3- 8^* 

Rotation;  x  NO  in  the  gas  entering  the  first  absorption  tower;  y  =  ^  BO2 
produced  by  post-oxidation  of  the  gas  in  that  tower. 
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It  is  obvious  that  the  g\8  entering  the  tower  contains  (6.7  *  NOa. 

The  NOa  absorbed  *  »  2.k$.  0.3^  remained  unabsorbed.  The  NOa 

material  balance  (disregarding  the  change  In  the  overall  gas'voltuae)  Is: 

6,7  “  X  ♦  ■  2.U  ♦  0.3#  whence  x  *  V  ♦  2* 

In  this  case,  at  75*  the  velocity  constant  of  NO  oxidation,  Kp  »  2k} 

•  31  sec;  the  pressure  P  «  0.9**^  atm;  the  Initial  oxygen  concentration 
b  ■  0.036;  half  the  mean  concentration^  of  NO  In  the  tower,  ^  ^  x  ~  1.6 

*  .  2-lOO-ln^ 

(where  1.6  Is  the  NO  concentration  In  the  outlet  gas);  and  the  degree  of  oxi¬ 
dation  (in  this  case  the  extent  of  post-oxldatlon  within  the  tower)  a  *  y 
^  2a*100' 

or,  since  j  -  x  -  U,  a  . 


Substituting  these  values  In  the  equation  for  the  rate  of  NO  oxidation: 


r  •  p* 


Tb-  al^ 
and  solving,  we  get  x  *  4.7. 


(b  —  a)a 
(1  -  a)a 


In 


1  -  g 


•  Hence,  the  gases  entering  the  first  absorption  tower  contain  4.75^  NO  end 
6.7  —  4.7^  =  2%  NO2,  while  the  post-oxldatlon  of  the  gas  In  the  ftree  space  of 
this  tower’s  packing  yielded  y  =  4.7-4  =  0.7ft  NQg. 


It  Is  apjfexent  that  the  gases  entering  the  regenerator  will  be  oxidized  to 
nearly  the  equimolecular  ratio  only  when  the  nltrose  process  is  super efficient, 
with  the  free  space  In  the  absorption  zone  so  small  that  the  degree  of  oxidation 
remains  practically  unchanged  while  the  gas  stays  In  it.  When  these  conditions 
are  satisfied,  a  ’special  oxidation  space,  exceeding  by  far  the  free  space  in  the 
absorption  zone,  is  a  convenient  means  of  regulating  the  composition  of  the  gas. 
It  is  one  such  method,  applicable  to  existing  tower  systems  as  well,  but  It  cannot 
be  regarded  as  the  decisive  factor  In  raising  the  load  carried  by  such  systems. 


Other  critical  comments  may  be  made  concerning  the  views  set  forth  in  the 
.cited 'paper  by  Stupqlkov  andBaleev. 


The  notion  that  the  oxidation  volume  cannot  be  placed  behind  the  third 
tower  In  a  five  or  six-tower  system  is  debatable,  since  it  is  not  the  number 
of  towers  that  matters  but  rather  the  composition  of  the  gas.  As  a  matter  of 
fact,  when  the  third  tower  is  operating  essentially  as  an  absorber  of  the  nitro¬ 
gen  oxides,  the  effectiveness  of  an  oxidation  space  installed  behind  it  will  be 
low,  owing  to  the  low  concentration  of  the  nitrogen  oxides  in  the  gases  entering 
it.  But  when  the  gases  entering  the  third  tower  still  contain  an  appreciable 

percentage  of  SO2  (as  is  usually  the  case),  the  effectiveness  of  an  oxidation 
space  Installed  behind  the  third  tower  will  still  be  low,  for  the  sulfur  dioxide 
paralyzes  the  action  of  the  oxidation  space  by  strongly  deoxidizing  the  nitrogen 

^  We  used  half  the  mean  concentration  instead  of  the  initial  concentration 
because  the  fall  in  the  NO  concentration  during  the  passage  of  the  gas  through 
the  tower  is  due  to  absorption  as  well  as  oxidation;  this  procedure  is  not  en¬ 
tirely  accurate,  but  the  error  involved  is  slight. 


626 


dioxide.  This  Impairs  the  ahsorptloa  of  the  nitrogen  oxides,  ovlng  to  their 
Insufficient  oxidation  as  veil  as  to  the  excessive  heating  of  the  nltroses 
because  of  the  SO2  in  the  gas.  This  will  make  the  oxidation  space  Installed 
behind  the  .third  tower  operate  poorly,  unless  Its  location  strictly  conforms 
to  the  chosen  operational  regime  of  the  system,  with  no  departures  from  this 
regime  allowed. 

Though  the  authors  believe  that  the  procedure  followed  by  one  plant,  where 
the  oxidation  space  was  converted  Into  a  tower  with  a  trickle  packing.  Is  In¬ 
efficient,’  basing  their  conclusion  upon  the  fact  that  the  SO2  concentration 
ahead  of  the  first  absorption  tower  was  not  reduced  and  the  consumption  of 
nitric  acid  was  not  diminished,  they  are  forced  to  admit  that  this  Increased 
the  system’s  output  by  25-30^,  To  be  sure,  the  authors  believe  that  there  Is 
no  relationship  between  the  substitution  of  trickling  for  the  oxidation  space 
8Uid  the  increase  In  the  system  output.  But  there  Is  only  one  possible  con¬ 
clusion,  namely,  that  the  provision  of  free  oxidation  space  Is  completely  un- 
necessairy  for  the  satisfactory  and  efficient  operation  of  present-day  tower 
systems.  In  the  concluding  paragraph  of  their  x>&per,  the  authors  also  come 
to  this  conclusion,  although  their  article  is  devoted  to  a  defense  of  the 
necessity  of  oxidation  space. 

The  authors  regard  the  Introduction  of  trickling  oxidation  space  into 
the  system  as  a  return  from  "short”  to  "long"  systems.  Identifying  the  former 
with  high-load  systems  and  the  latter  with  low-load  systems.  In  support  thereof 
they  print  a  table  containing  information  on  the  number  of  towers  In  various  sys¬ 
tems,  their  load  factors,  and  their  consumption  of  nitric  acid.  But  the  figures 
In  the  table  are  no  evidence,  for  they  are  Incommensurable.  The  table  gives  no 
data  on  the  operating  eruditions  in  the  systems  compared:  the  quality  of  the 
nltrose,  the  trickling  rate,  the  composition  of  the  furnace  gas,  the  provision 
of  furnace  gas  for  the  system,  the  gas  flow  rate,  the  niurose  temperature,  the 
cleanliness  of  the  packing,  the  true  surface  of  the  tower  packing,  and  the  like. 
In  other  words,  nothing  Is  said  about  the  most  important  factors  governing  the 
load  factor  of  each  system.  For  this  reason  the  cited  table  can  hardly  serve 
to  prove  that  "short"  systems  are  the  high-load  ones,  and  hence  that  "short" 
systems  are  superior  to  ^long"  cnes. 

We  cannot  subscribe  to  the  view  that  the  longer  a  system  Is,  the  more  un¬ 
economical  it  Is.  Modern  engineering  does  not  strive  necessarily  to  reduce  the 
number  of  details  In  an  object.  It  Is  frequently  better  to  perform  Individual 
processes  in  specially  adapted  apparatus  than  to  combine  them  in  a  single  appara¬ 
tus.  An  instance  In  point  Is  the  first  production  tower,  which  fulfils  contra¬ 
dictory  functions.  This  tower  has  to  supply  the  system  with  a  large  quantity 
of  denitrated  acid,  which  Is  incompatible  with  the  requirement  of  complete  de¬ 
nitration;  hence,  assigning  these  functions  to  two  separate,  specialized  in¬ 
stallations  would  doubtless  increase  the  efficiency  of  the  system,  even  though 
it  lengthened  the  latter. 

The  advisability  of  a  tower  installation  providing  for  a  special  denitrator 
tower  connected  in  parallel  with  the  first  tower  has  been  discussed  more  than 
once.  Kuzmlnykh,  in  his  paper  [2],  again  offers  convincing  proof  of  the  effic¬ 
iency  of  operation  with  a  special  denitrator.  We  fully  agree  with  the  arguments 
adduced  in  this  paper  and  are  only  compelled  to  cast  doubt  upon  the  small  volume 
that  Kuzmin^'kh  believes  is  needed  for  the  denitrator,  which  he  therefore  calls 
a  " little  tower ". 
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We  know  froa  experience  that  the  voluae  of  the  first  tower  Is  sometimes 
Insufficient  to  ensure  the  production  of  a  weU-denltrated  output,  notwlthstand^ 
Ins  the  fact  that  It  constitutes  5  to  7%  of  the  total  system  Tolume.  Ve  think 
that  the  lO-lJjt  of  the  furnace  gas  that  It  Is  proposed  to  pass  through  the  de- 
nltrator  will  not  ensure  satisfactory  denitration.  Nor  must  we  lose  sl^t  of 
the  fact  that  passing  a  small  amount  of  gas  through  the  denltrator  will  sharply 
Increase  the  concentration  of  the  nitrogen  oxides  In  the  gas,  thus  retarding 
the  denltratlng  process. 

If  a  nltrose  containing  only  HNQ3  (nominal)  Is  fed  Into  the  denltrator 
In  a  hlgh'load  system,  the  concentration  of  nitrogen  oxides  In  the  denltrator 
outlet  gases  will  be:  ’  ' 

1000  ■  O.Oh  •  22.h  •  100 

P-75  •  63  '  250  * 

(in  this  case:  25O  cu  a  of  gas  per  ton  of  product  »  lO^t  of  25OO  cu  a  per  ton; 
acid  concentration  «  75%)-  So  high  a  nltroslty  of  the  gas  is  encountered  only 
after  the  second  production  towe",  which  supplies  a  nltrose  with  a  concentration 
of  k-6^  HNO3  even  with  counterflow.  The  concentration  of  nitrogen  oxides  In  the 
gases  coming  from  the  towers  that  furnish  the  product  Is  no  more  than  1.5-2%.  To 
ensure  a  concentration  of  this  magnitude,  the  portion  of  the  gas  that  passes 
throu^  the  denltrator  must  not  constitute  10-15%,  but  four  to  five  times  as 
much,  that  Is  ^0~6C^,  When  we  remember  that  the  gas  concentration  varies  loga¬ 
rithmically  with  the  tower  hel^t  and  start  out  with  the  mean  concentration  of 
nitrogen  oxides  In  the  gas  In  the  special  denltrator  at  the  same  level  as  In 
the  operating  producing  towers,  the  percentage  of  the  gas  passed  through  the 
denltrator  Is  30-503^ 

Bence,  about  half  of  the  furnace  gas  should  be  passed  through  the  denltrator. 
Therefore,  the  problem  bolls  down  to  the  restoring  of  parallel  operation  pf  the 
production  towers  by  utilizing  the  available  towers  correctly. 

When  a  little  tower  Is  used  as  a  special  denltrator,  with  only  10-15%  of 
the  furnace  gas  passed  through  It,  satisfactory  denitration  may  be  achieved, 
as  H.  I.  Kuzmlnykh  asserts,  provided  a  separate  cycle  Is  used  for  trickling  a 
low-nltrose  acid  thr^u^  the  denltrator  and  tapping  off  the  product  at  inter¬ 
vals.  It  must  be  borne  In  mind  however,  that  the  latter  condition  complicates 
manufacture  by  Intermptlng  the  continuous  operation  of  the  system. 
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THE  PHYSICAL  CHARACTERISTICS  OF  FINE-GRAINED  CRYSTALLINE  MASSES 
.  IN  RELATION  TO  REACTIONS  OF  THEIR  MIXTURES 

A.  M.  Ginstling 


The  Lensovlet  Institute  of  Techholog^  Leningrad 


Reactions  In  mixtures  of  solid,  fine-grained  substances,  called  solid- 
phase  reactions,  axe  of  great  importance  Industrially  at  the  present  time. 

As  a  rule,  the  mechanism  of  these  reactions  ''In  the  solid  state"  are 
treated,  as  the  direct  interaction  of  solids,  as  proposed  by  Tammann,  involving 
the  detachment  of  particles  (atoms,  molecules,  ions  or  complexes)  from  the  crys¬ 
tal  lattice  of  one  reagent  and  their  penetration  into  the  lattice  of  the  other 
reagent  without  any  preliminary  conversion  Into  the  gaseous  or  liquid  state. 

In  this  connection  one  of  the  basic  factors  governing  the  reaction  rate 
In  powder  mixtures  Is  held  to  be  the  surface  of  contact  between  the  solid  par¬ 
ticles  (grains)  of  the  components  In  the  Initial  mixture. 

The  present  paper  Is  an  endeavor  to  discuss  these  problems  In  the  light  of 
data  obtained  In  a  study  of  the  reactions  occurring  In  mixtures  of  solids. 

As  we  know,  the  surface  of  contact  between  the  grains  of  a  solid  dispersed 
mass,  which  Is  an  extremely  small  part  of  the  total  surface  of  these  grains,  de¬ 
pends  largely  upon  the  form,  dimensions,  and  spatial  arrangement  of  the  grains, 
and  may  vary  over  a  very  wide  range. 

In  the  simplest  case,  when  the  grains  are  spherical  and  of  Identical  dia¬ 
meter,  each  grain  Is  in  contact  with  its  neighbors  at  6,8,  or  12  points,  on  the 
whole,  depending  upon  the  nature  of  their  spatial  arrangement,  the  amount  of 
free  space  (the  porosity)  between  the  particles  varying  accordingly  from  hT .6k 
to  25.955^-  These  figures  which  apply  to  the  geometrically  perfect  spatial 
arrangement  of  absolutely  smooth.  Incompressible,  dry  spheres,  which  touch  at 
Individual  mathematical  points,  hardly  correspond,  of  course,  to  the  properties 
and  behavior  of  real,  crystalline,  free-flowing  masses.  We  cannot  secure  the 
ideal  dense  arrangement  of  these  particles  (corresponding  to  the  free  space  value 

of  =  25.95^)  In  practice,  nor  can  we  count  on  their  geometrically  perfect 

free 

free  arrangement  (corresponding  to  ^ ~  >  because  of  the  Irregularity 

of  form  and  the  surface  roughness  of  the  particles  in  fine-grain  substances  and 
because  of  the  existence  of  frictional  and  adhesion  forces  between  them.  In 
actual  masses  the  various  constituent  grains  are  spaced  at  varying  distances: 
some  of  the  adjacent  grains  being  in  rather  close  contact  with  one  another, 
while  the  distance  between  other  adjacent  grains  is  rather  great,  and  so  forth. 
The  irregularity  of  form  and  the  roughness  of  surface  of  the  grains  In  real 
masses  result  In  the  distance  between  various  portions  of  the  surface  of  any 
one  grain  and  the  surface  of  the  surrounding  grains  fluctuating  within  the 
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vldest  limlta*. 

lu  general,  howev«ar,  when  we  consider  any  fine-grain  mass,  we  may  speak 
of  a  mean  value  repreaeantlng  the  distance  between  the  surfaces  of  its  const!* 
tuent  grains.  This  vatlue,  which  is  extremely  Important  in  analyzing  the 
lntereu;tions  occurring  within  solid  mixtures,  may  be  readily  found  as  follows. 

If  a  unit  total  wcolxtme  of  a  ftee-flowlng  mass  consists  of  n  spherical 
grains  with  a  mean  dlsaaeler  of  dgj.  and,  correspondingly,  n  spaces  with  a  mean 
diameter  of  dgp^,  constituting  together  the  free  space  with  a  volume  of  ^f^ee 
(in  ftractlons  of  unlty)>  the  volume  of  the  grains  proper  will'  be; 

TTd* 

1  -  Vft-ee  -  a  — 


and  the  voliome  of  the  emgrty  space  will  be: 

T'd* 

®P 

▼free  • 


(2) 


When  the  mean  diameter  oif  a  single  space  dgp,  or,  in  other  words,  the  mean  dis¬ 
tance  1  between  the  gralaas  will  bet  ^  ^  % 

(3) 

^  -  vfree/ 

Moreover,  if  ^  wt.  Is  the  mean  apparent  specific  gravity  of  a  particle  (a 
grain),  then  the  total  volvune  of  all  the  fine-grain  material,  consisting  of  the 
aggregate  volume  of  the  jparticles  proper  and  the  aggregate  voliime  of  the 

spaces  between  the  particles,  will  be: 


‘sp.  -  Agr.  J.  _  - 


1 

“TvE. 


•total  1  -  vrree' 

And  as  the  imlt  weight  of  the  dry,  granular  material, 

^gr.  *  ^  =  1  -  Vft-ee  ^  ^wt.. 


(5) 


we  get 

*  ^ 

Substituting  (6)  in  (3),  w<e  get; 

1  =  da. 


'free 


=  1  - 


wt. 


(6) 


(7) 


Therefore,  once  we  icaow  the  weight  per  cubic  meter  of  the  dry,  granular 
material,  the  mean  diameter  of  its  constituent  grains,  and  the  latter *s  apparent 
specific  gravity,  we  can  estimate  the  mean  distance  between  the  surfaces  of  ad¬ 
jacent  grains  in  the  material. 


Equation  (7),  which  Ss  correct  for  spherical’  grains,  expresses  the  mean  dis¬ 
tance  between  the  surfaces;  of  adjacent  grains  in  a  fine-grain  mass  with  sufficient 
accuracy  for  practical  puirposes,  no  matter  what  the  grain  shape  may  be. 
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Deter^Dlng  the  value  of  1  In  real  masses  may  be  complicated  somewhat 
only  by  the  difference  between  the  true  and  apparent  density  of  the  substance's 
particles  and  by  errors  in  determining  the  latter.  The  aggregate  volume  of 
the  Inter-partlcle  spaces  that  govern  this  difference  usually  Is  O.5  to  15%  of 
the  grain  volume,  as  Is  proved  by  experimental  data  on  Inorganic  crystalline 
substances  [1,  2],  however,  and  hence  does  not  exceed  7%  of  the  poured  volume 
of  all  the  grains  (the  only  exceptions  to  this  rule  are  sorbents,  refractories, 
heat  Insulators,  and  other  materials  whose  porosity  has  been  Increased  artifi¬ 
cially).  When  we  remember  that  the  volume  of  the  Inter-partlcle  space  does  not 
exceed  50%  of  the  poured  volume  of  the  grain  mase,  as  a  rule  (see  the  experimen¬ 
tal  data  cited  below,  by  way  of  example),  we  readily  see  that  the  true  density 
of  the  substance  comprising  the  particles  may  be  substituted  for  t  vt.  Equa¬ 
tion  (7)  In  ascertaining  the  order  of  magnitude  of  the  values  applying  to  the 
grain  mass. 

It  Is  Interesting  to  demonstrate,  on  the  basis  of  experimental  data,  the 
order  of  magnitude  of  the  mean  distance  between  the  surfaces  of  adjacent  grains 
In  actual  masses  to  characterize  the  properties  of  crystalline,  fine-grained 
materials  In  the  reactions  occurring  In  their  mixtures.  With  this  as  o\ir  objec¬ 
tive,  a  great  number  of  crystalline,  fine-grained  substances  has  been  Investigated 
In  the  present  research. 

All  these  substances  were  carefully  classified  according  to  size  to  deter¬ 
mine  the  weight  per  unit  volume  of  the  dry,  granular  material.  Then  2,5,^ 
narrow  fractions  were  selected  for  each  substance.  The  mean  diameter  of  the 
grains  within  each  narrow  fraction,  determined  by  the  size  of  the  openings  In 
the  coarser  and  finer  screens,  was  calculated  from  the  equation; 


where  and  are  the  diameters  of  the  largest  and  smallest  grains  In 

the  fraction,  corresponding  to  the  size  of  the  openings  in  the  coarser  and  finer 
screens^  and  the  C  'mber  of  nominal  grains  of  the  average  diameter  ^ve.»  cal¬ 
culated  from  this  equation,  is  equal  to  the  actual  number  of  particles  In  the 
fraction.  Table  1  describee  the  principal  selected  fractions  of  fine-grdined  * 
substances. 

The  weight  per  unit  volume  of 
the  *•  coarse^  and  "fine”  fractions  and 
of  equal -volume  mixtures  of  the  two 
was  determined  for  each  substance  In 
order  to  find  the  variation  of  X  gr.> 
Vfree^  1  with  particle  size  In  the 
fine-grained  mass.  Some  of  the  results 
of  these  determinations  are  listed  In 
Table  2,  which  deals  with  no  more  than 
20  inorganic  substances  of  Industrial 
Importance,  for  reasons  of  space. ^  In 
accordance  with  the  foregoing,  ). 

In  the  table  denotes  the  true  sp)eclflc 
gravity  of  the  substance  making  up  the 
particles,  while  Vfree  Is  the  aggregate 
(intra-particle  and  Inter-partlcle) 
porosity  of  the  mass.  The  third  line 


TABLE  1 


Characteristics  of  Tested  Fractions 
of  Fine-Grained  Substances _ 


Size  range  of  grains 
in  the  fraction, 

( mm) 

Average  grain 
size, 

(  mm) 

0.350-0.270 

0.306 

0.350-0.250 

0.29** 

0.270-0.250 

0.259 

O.25C-O.2OO 

0.223 

0.200-0.135 

0.163 

0.135-0.120 

0.127 

0.102-0.088 

0.095 

0.088-0.060 

0.072 

1)  See  following  page  for  footnote. 


In  the  entry  for  each  substance  represents  a  mixture  of  equal  rolumes  of  the 
two  fractions  represented  by  the  first  two  lines  of  the  entry. 

^ve  grains  In  this  mixture  Is  calculated  as  a.  weighted-mean 

dimension,  based  on  the  following  considerations.  ' 

jf  j  ^  and  mean  diameters  of  the  grains  in  the  "coarse*  and 

•fine"  factions,  Sa  nn»,v.and  2^10,  are  the  numbers  of  particles  In  equal  vol¬ 
umes  of  these  fractions,  the  mean  size  of  the  grains  In  the  mixture  will  be; 

*Wx.  ^^max.  ”*■  ®mln.  ^In. 
mix.  -  ^  n^m.  * 


The  ratio  between  the  numbers  of  grains  In  equal  volumes  of  the  fractions  may  be 
taken  to  equal: 

n  d», 

max.  min. 


Solving  (9)  and  (lO)  slmult-  neously,  we  get: 


^ve. 


d*.  d  d*  d  , 

min,  max.  max,  min. 

^In.  ^max. 


The  experimental  data  listed  In  Table  2  Indicate  that: 

1)  The  spatial  arrangement  of  grains  In  real  fine-grained  masses  seems  to 
differ  essentially  from  any  "theoretical"  arrangement  of  smooth  spherical  par¬ 
ticles. 

2)  The  porosity  of  these  masses  Is  as  against  26-48^  for  the 

porosity  of  a  mass  of  smooth  spheres. 

3)  The  mean  distance  .1  between  the  surfaces  of  adjacent  grains  In  the 
real  mass  and  the  average  grain  diameter  d^ve.  ®^re  of  the  same  order  of  magni¬ 
tude,  1  being  120-150^  of  dave. 

4)  The  porosity  of  the  mass  Is  greater  when  Its  component  grains  aire  all 
of  the  same  size  than  when  their  sizes  differ. 

5)  If  the  mass  consists  of  particles  fgralns)  of  about  the  same  size,  the 
porosity  of  the  mass  and,  hence,  the  mean  distance  between  the  surfaces  of  Its 
grains  increase  as  the  grain  size  decreases. 

These  findings  are  In  full  agreement  with  the  theory.  The  Impossibility  of 
close  contact  between  rough  surfaces  naturally  results  In  an  appreciable  iucrease 
In  the  free  space  between  them.  It  Is  obvious  that  a  diminution  in  the  size  of 
the  particles  In  the  mass,  resulting  In  an  Increase  In  the  surface  of  these  par¬ 
ticles  per  unit  weight,  produces  a  corresponding  Increase  In  Internal  friction 
and  In  the  stability,  the  "strength"  ,  of  the  mass.  This  latter  fact  Is  borne 
out  by  the  data  In  Table  3  on  the  angle  of  repose  of  some  fine-grained  substances. 
One  result  of  this  increase  In  the  "strength"  of  the  mass  Is  an  Increase  in  Its 
porosity.  The  lower  porosity  of  a  polydisperse  mass  than  that  of  a  monodisperse 

The  properties  of  the  overwhelming  majority  of  the  tested  substances 
not  Included  In  the  table  resemble  those  of  the  20  compounds  listed. 


TABLE  2 

Fhorslcal  Characteristics  of  Crystalline,  ^ir.e-Cralned  Substances 


?  Average  Specific  I  Weight  per  » Porosity  Mean  distance 

Pree-flowlng  '  grain  gravity  of  {  volume  cf  tne  j  cf  the  between  surfaces 
substance  si^e.  the  subs-  i  dry,  granular  |  mass,  of  adjacent 

(an)  I  txn.ee,  K  totter  ia.1,  ,  ;  '/r^-ee  grains,!,  (mm) 


cf  the 
mass, 

?free 


grains,  1,  (mm) 


mass  of  the  same  suhstance  is  naturally  due  to  the  small  grains  filling  up 
the  spaces  between  the  coarse  grains,  etc. 

The  fact  that  the  relative  Increase  In  the  surface  of  contact  betiHieen  the 
particles  of  a  fine-grained  material  as  the  grain  size  decreases  may  be?  wiped 
out  by  the  relative  growth  in  the  surface  of  these  particles  In  an  essiK^tlal 
practical  corollary  flowing  from  the  cited  data. 

But  what  is  most  Important  for  further  analysis,  however.  Is  the  crrjonclu- 
slon  that  follows  from  the  experimental  findings  that  the  surface  of  tate  par¬ 
ticles  In  fine  grained  solid  reagents  (particularly  powdered  ones),  whisen  nixed 
together,  are  spac^-d  on  the  average  a  distance  that  is  1.2  to  1.5  tliaes  rthe 
diameter  of  these  particles. 


TABLE  5 
• 

Angles  of  Repose  of  Free "flowing 
Masses  at  Different  Grain  Sizes 


Free flowing 

1 

\  Grain  size 

! 

‘  Angle 

substance 

!  (  Ksm) 

1  of  j 

• 

1  repose  | 

BaS04 


0.25  -0.0601 
0.088-0.060! 

0.35  -0.27  1 

0.102-0.088 


0.20  -0.135! 
0.102-0.088! 


A1HH.(S04)2-12Hso[’  i 


Ui*60* 

45* 

38*40 • 
45* 

39*42 • 
4l*60» 

36*53 • 
45* 


Fig.  1.  Contact  tetween 
two  spherical  particles. 


I«t  us  estimate  the  possible  surface  of  contact  between  grains  of  a  free- 
flowing  mass.  We  shall  regard  the  surfaces  as  in  contact  whenever  the  dis¬ 
tance  between  them  does  not  exceed  the  action  radius  of  the  molecular  forces. 
We^know  that  this  radius  is  measured  in  Angstroms,  i.e. ,  is  of  the  order  of 
10  ®  cm.  As  for  the  grain*  size  of  the  initial  reagents,  this  dimension  may  be 
said  to  be  of  the  order  of  10  ^  —  10  ®  cm  in  various  solid-phase  processes  in 
practice  (in  the  technology  of  silicate^  alumina,  electrothermal  manufacture, 
and  other  industries  [3^4,5]).  • 

Let  us  now  return  to  the  jmooth,  dry,  spherical  particles  (grains)  of  uni¬ 
form  diameter.  Let  two  such  particles  of  radius  r  be  in  contact  at  some  point 
A  (Fig.  1).  Let  S  be  the  radius  of  action  .of  the  molecular  forces,  and  a  the 
central  polyhedral  angle  subtending  the  spherical  surface  of  either  of  the  grains 
that  falls  within  the  radius  of  action  of  the  other  grain’s  molecular  forces. 

The  cosine  of  half  of  this  angle  may  be  found  fVom  the  equation: 

8  .  r  (1  -  cos  I  .  (12) 

With  S  =  1^®  cm  and  r  =  10’^  —  10“®  cm,  we  find  from  (12)  that  a  may  range 
from  a  few  (1-2)  seconds  of  arc  to  a  few  minutes,  which  is  equivalent  to  a  theor¬ 
etically  possible  surface  of  contact  between  the  particles  that  ranges  from  10  ^ 
to  10"^  of  the  total  surface  of  these  particles. 

The  results  of  various  investigations  [6]  indicate  that  the  contact  surface 
between  the  grains  of  real  masses  is  of  the  order  of  millionths  of  the  total  sur¬ 
face  of  the  grains. 

If  we  assume  that  the  grains  are  spherical  and  consider  the  free  space  be¬ 
tween  them  to  be  5^^  of  the  aggregate  volume  ol  the  free -flowing  mass  const  1- 
tute'd  by  them,  and  if  we  bear  in  mind  that  the  contact  surface  between  them  is 
of  the  order  of  lO”^^  of  their  total  surface,  a. cording  to  the  experimental 
findings,  we  can  readily  obtain  the  approximate  surface  of  contact  between  grains 
masses  containing  particles  of  different  size,  as  shown  in  Table  4, 

It  is  obvious  that  the  rough  surface  of  the  particles  in  a  real  mass  Is 
much  greater  than  their  apparent  surface  and  still  greater  than  the  surface  of 
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I  i'  ji  itiSi^r.rttM 


’  TABU  % 


Approximate  Surface  of  Contact  Between  Particles  In  a  Fine-Grained  Mass 


Grain  ! 
diameter, j 
in  CB  i 

s 

i 

Grain 

volume, 

cm® 

Gz*ain 

surface. 

cm* 

Number  of 
grains  per 
cu  cm  of 
the  mass 

Surface  of 
grains  in 

1  cu  cm  of 
the  mass, 
sq  cm 

Approximate 
surface  of  con¬ 
tact  between 
grains  in  1  cu 
cm  of  the  mass, 
sq  cm 

1 

5.10"^ 

1.10*^ 

5*.  10"* 
1.10"* 
5.10"® 

5.23*10"^ 

6.54- 10"* 

5.23*10"** 

6.54- 10"® 

5.23*  10"“^ 

6.54*10"® 

3.14 

7.84*10"^ 
3.14-10"* 
7.84-10"® 
i  3.14*10"‘* 
[7-84*10"® 

9.57*10"^ 

7.64 

9.57*10* 

7.64*10® 

9.57*10* 

;  7.64-10® 

1 

1 

3*  10 

6*  10 

3*10*  . 
6*10* 

3*10"® 

6*10"® 

3*10*® 
i  6*10"® 

1  3-10"'* 

t  6' 10"“* 

spheres  of  the  same  size.  This  same  roughness,  however,  hinders  contact  between 
the  particles,  disengaging  them  (examples  of  the  arrangement  of  particles  In  a 
real  fine-grained  mass  are  given  In  Fig.  2,  a,  b^,  c,  d.  See  Plate  p-  773).  We 
may  therefore  consider  the  order  of  magnitude  of  the  surface  of  contact  between 
the  particles  In  a  fine-grained  mass  to  be  the  same  as  chose  indicated  In  Table 
U,  without  significant  error. 

How  let  us  consider  the  treatment  of  the  interaction  between  solids  pro¬ 
posed  by  Tammann[7]>  which  has  received  wide  acceptance,  in  the  light  of  these 
findings.  . 

In  this  treatment  the  amplitude  of  the  vibrations  of  the  crystal -lattice 
elements  (atoms,  molecules.  Ions,  or  complex  lonsj  of  a  substance  (which  in¬ 
creases,  of  course,  as  the  substance  is  heated)  at  some  temperature  reaches 
values  that  suffice  to  detach  these  elements  from  the  crystal  lattice  and  shift 
them  to  the  lattice  of  another  substance. 

Following  this  theory  and  bearing  in  mind  that  the  order  of  magnitude  of 
the  lattice  vibrations  (lO’®  cm)  is  10®  to  10^  times  as  small  as  the  mean  dis¬ 
tance  between  the  surfaces  of  adjacent  grains  of  the  reacting  substances  us’tally 
encountered  in  practice  (lO”®  to  lO”^  cm),  we  can  admit  of  the  existence  of  only 
one  path  of  mass  transfer  between  the  grains  of  the  initial  reagents  in  a  solid- 
phase  reaction;  a  substance  penetrates  from  one  lattice  to  that  of  another  sub¬ 
stance  through  the  area  where  their  grains  are  in  contact. 

The  part  possibly  played  by  this  path  in  actuality  is  disclosed  by  the 
following  data,  however.  The  surface  of  contact  between  solid  reagents  when  the 
size  of  their^grains  ranges  from  1  to  10*®  cm  Is  given  by  quantities  of  the  order 
of  10  ^  to  10  ®  sq  cm  per  cu  cm  of  the  reaction  mass  (Table  4).  The  values  of 
the  diffusion  coefficients  from  solid  to  solid  lie  within  the  range  of  10*'*  to 
10"®  sq  cm  per  sec  (8,  9,  10,  11 J. 

Bearing  In  mind  these  figures  and  remembering  that  the  density  of  the  sub¬ 
stances  and  the  driving  force  behind  the  process  are  measured  by  quantities  of 
the  order  of  magnitude  of  unity,  we  may  conclude,  after  a  simple  calculation, 
i)  Calculated  on  the  assumption  that  the  grains  are  spherical  and  that 
Vfree  =  30^. _ 
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that  the  per  cent  conversion  of  solids  per  hour  vlU  rangie  from.  10*®^  to  3-5%# 
depending  upon  the  Values  of  the  diffusion  coefficient.  - 

In  actuality,  as  ve  know,  conversion  of  the  initial  reagents  is  practically 
complete  vithin  20>30  minutes,  however,  in  many  of  the  solid-phase^  processes  em¬ 
ployed  in  industry.^  ]Di  otlier  words,  the  actual  rate  of  these  processes  is  at 
least  100  times  (emd  much  more  often  1000  times)  as  high  as  the  rate  that  is 
theoretically  conceivable  in  the  light,  of  the  concept  of  the  mechanism  under-', 
lying  these  processes  set  forth  above.  ' 

It  should  be  noted  that  the  stirring  of  the  reacting  substances  usually 
practiced,  which  greatly  increases  the  Intensity  of  their  reaction  in  general, 
introduces  no  fundamental  change  into  the  reasoning  and  conclusions  set  forth 
above.  ^le  point  at  issue  is  that  stirring,  though  it  constantly  renews  the 
contact  surface  between  the  grains  of  the  reagents  and  thus  largely  facilitates 
the  uniform  growth  of  the  diffusion  layer  in  these  grains,  does  not  affect  the 
order  of  magnitude  of  the  surface  of  contact  between  them,  which  remains  a  negli¬ 
gibly  small  quantity  at  any  given  instant. 

Bie  discrepancy  between  the  theoretical  feasibility  of  mass  transfer  in  the 
manner  considered  and  the  practical  data  is  evidence  of  the  limited  role  of  this 
method  in  many  processes  that  involve  interaction  between  solids. 

The  establishment  of -this  fact  naturally  gives  rise  to  the  question  of  how 
mass  transfer  actually  takes  place  in  processes  of  this  type.' 

The  treatment  of  the  mechanism  auid  kinetics  of  reactions  ** in  the  solid  state*' 
proposed  by  Tammann  affords  no  answer  to  this  question.  This  is  because  the  re¬ 
searches  of  Flavltsky  [12],  Cobb  [13]/  Tammann  [7]/  Hedvall  [1^],  and  other  re¬ 
searchers,  which  established  the  basic  feasibility  of  reactions  between  solids, 
often  ignored  or  incorrectly  evaluated  the  part  played  by  liquid  and  gaseous 
phases  in  many  reactions  of  that^  bype. 

It  may  be  noted  in  passing  that  intensive  mass  transfer  between  solid 
granular  reagents  cay  be  realized  at  another  order  of  magnitude  of  the  diffusion 
coefficients  or  with  a  much  larger  surface  taking  part  in  the  mass-transfer  pro¬ 
cess  (in  practice  one  is  always  related  to  the  other),  i.e. ,  whenever  the  process, 
in  one  way  or  another,  breaks  out  of  the  bonds  set  by  the  bonds  between  the  ele¬ 
ments  of  the  crystal  lattice.  The  conditions  governing  the  braking  of  these 
bonds  are,  however,  the  conditions  under  which  the  substance  is  converted  from 
the  solid  to  the  liquid  or  gaseous  state. 

As  a  matter  of  fact,  is  suffices  to  admit  that  the  gas  or  liquid  phase  takes 
part  in  a  reaction  between  solid  substances  for  the  problem  of  intensive  mass 
transfer  from  one  reagent  to  the  other  in  the  course  of  the  reaction  to  be  cleared 
up  entlrely- 

Let  Ag,  say,  react  with  Bg  as  follows: 

Ag  •  Agj  Ag  +  Bg  ABg, 


Reagents  are  usually  kept  in  the  reactor  (furnace)  for  1  or  2  hours  under 
industrial  conditions.  In  most  Instances,  however,  the  actual  reaction  between 
the  substance  takes  only  a  very  small  fraction  of  this  time.  -The  rest  of  the  time 
is  consumed  in  heating  the  initial  reagents  to  the  reaction  temperature,  dehydra- 
ting  them,  and  so  forth. 


vhere  the  subscripts  s  and  g  denote  solid  and  gaseous,  respectively. 

In  this  case,  as  in  many  other  instances  of  interactions  in  mixtures  of 
solids,  the  initial  reagents  and  the  end  products  of  the  process  are  solids. 
Beagent  A  sublimes,  however,  under  the  process  conditions.  As  a  result  its 
particles  come  into  contact  with  the  entire  surface  of  the  grains  of  reagent 
B,  form  a  layer  of  the  ^  product  on  these  grains,  and  then  diffuse  through  the 
entire  surface  of  B  at  a  rate  that  is  characteristic  of  the  diffusion  of  a  gas 
into  a  solid.  Thus,  the  high  process  rate  is  ensured  in  this  case  by  the  large 
surface  of  contact  between  the  reagents,  the  large  cross-sectional  area  of  the 
diffusion  flow,  and  the  high  diffusion  coefficient. 

Many  other  varian-cs  of  reactions  in  solid  mixtures,  in  which  gases  and 
liquids  that  arise  and  disappear  during  these  reactions,  are,  of  course,  con¬ 
ceivable.  ^e  mechanism  Involved  in  these  reactions  will  be  the  tppic  of  a 
separate  report. 

The  only  point  worth  noting  here  is  that  in  all  these  variants,  reactions 
in  mixtures  of  granular  or  powdered  solids  may  take  place  at  a  hl^  rate  though 
the  mean  distance  between  the  grains  of  the  initial  reagents  is  considerable  and 
the  surface  of  contact  between  tv*,  grains  negligibly  small,  as  has  been  shown  in 
the  exeunple  cited. 

The  foregoing  discussion  does  not  refute,  in  principle,  the  rigidly  solid- 
phase  mechanism  Involved  in  reactions  occurring  in  mixtures  of  solids,  but  has 
as  its  objective  defining  the  possible  part  played  by  this  mechanism  in  such 
reactions  under  practical  conditions. 

SUMMARY 

1.  It  has  been  shown  that  the  mean  distance  between  the  surfaces  of  ad¬ 
jacent  particles  in  real  fine-grained  masses  is  10®  to  10^  as  great  as  the  radii 
of  action  of^  the  atomic  and  other  forces  binding  together  the  elements  in  a 
crystal  lattice. 

2.  It  has  been  found  that  in  mixtures  of  this  sort  the  rate  of  mass  trans¬ 
fer  by  means  of  a  "Jump**  (as  advanced  by  Tammann  and  others)  of  lattice  elements 
of  one  reagent  into  the  lattice  of  the  other  reagent  (without  the  emergence  and 
participation  of  gaseous  and  liquid  substances)  is  limited  by  the  extremely 
small  surface  of  contact  between  the  grains  in  the  reaction  mixture  and  by  the 
low  diffusion  coefficients,  which  may  reduce  it  to  an  extremely  low  value. 

3.  It  has  been  shown  that  Intensive  mass  transfer  during  chemical  inter¬ 
action  in  mixtures  of  solids  is  quite  possible  provided  the  gas  or  liquid  phase 
enters  into  these  processes. 

It  has  been  established  that  the  relative  part  played  by  a  strictly 
solid-phase  reaction  mechanism  in  the  intensive  interaction  of  solid  substances 
under  actual  conditions  must  be  extremely  small. 
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THE  DEHYDRATING  HIOPERTIES  OF  SOME  CLAYS  AND  OPOKAS 
H.  Z.  Kotelkor 

Chair,  of  Chemistry,  Saratov  Agricultural  Institute 


Hie  catalytic  [1,2,U]  and,  especially,  the  dehydrating  properties 
activated  natural  clays  —  Georgian  bentonite  [5#^,5>6]  —  have  been  desorbed 
In  the  chemical  literature.  We  have  made  a  study  of  the  dehydrating  przgertlea 
of  some  refractory  Voronezh  clays  and  Saratov  clays  and  opokas.^ 

Hie  chemical  composition  of  clays  In  percent  of  the  dry  substance  srm  g^ven 
In  Table  1. 

TABLE  1 

Chemical  Composition  of  Clays  Tested 


Sample 

No. 

Moisture  \ 

Calcining 

losses 

SlOa 

- — ^ 

AI2O3  ; 

FeaOo 

CaO 

SOa 

1 

2.38  1 

Voroxjezh  refractory  clays 

!  9.7**  1  55.19  '  35.51  1 

1  0.25 

0.41 

1  0-1?  • 

0.77 

3 

5-29  1 

12.49  1 

1  50.38  , 

;  36.46  ! 

1  — 

0.36 

1  0-3E. 

0.22 

1  1 

1  It. 06  ' 

'  6.11 

Saratov  clays 

1  61.25  *  7.62 

20.13  J 

1.53 

f 

0.91 

2  i 

i 

.  22.21 

1  41.71 

.  2.93 

11.99  : 

;  2.19 

. 

1.56 

1 

2.90 

3.74 

Saratov  opoka s 

1  89.70  I  3.58  1 

0.32 

3.07 

0-21  j 

2 

3.40 

3.69 

87.06 

3.80 

1.50 

1.60 . 

l-^- 

1.03 

86 

3.05 

6.48 

77.99 

!  5.95 

4.60 

1.91 

l.IEr 

2.57 

215 

!  3.48 

3.07 

87.40 

3-17 

2.06 

1.50 

2-ir' 

0.86 

251 

I  2.95  ! 

ft 

3.75 

90.78 

1  2.10 

0.21 

2.00 

0.l5i 

1.46 

The  catalytic  properties  of  the  opoka  No.  1  have  already  been  Investf^ted 
in  part  [?]. 

EXPERIMENTAL 

Method  1.  The  catalyst  was  ground  to  a  fine  powder,  mixed  with  watscy 
molded  into  balls  3-4  mm  in  diameter,  and  then  dried  at  100*.  The  dried  lalls 
vere  placed  in  a  quartz  tube  60  cm  long  and  l4  mm  in  Internal  diameter,  tit  quan¬ 
tity  used  ranging  from  1.75  g  (or  1  part  by  weight;  to  l4  g  (or  8  parts  1^  weight). 
*  2 

^  ** Opoka  —  a  rock  consisting  principally  of  silica  and  a  plastic  materLal  con¬ 

taining  grains  of  quartz,  glauconite,  and  feldspar.”  The  bleaching  eartts  of  the 
USSR.  A  symposium  edited  by  Prof.  N.  M.  Fedorovsky  and  others  (1935)-  ' 
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The  tube  was  heated  In  an  electric  furnace,  the  temperature  being  measured 
vlth  a  nlchrome-constantan  thermocouple* 

Method  2.  A  compound- nlchrome  helix  7  cm  long  and  l4  mm  In  diameter 
(wound  with  56O  cm  of  0.6  mm  wire;  volume  1*583  cu  cm;  surface  105*5  8<1  cm) 

(0],  with  1  part  by  weight  of  the  catalyst  applied  to  It,  was  placed  In  a  quartz 
tube  50  cm  long  and  l4  mm  In  Internal  diameter,  which  was  connected  to  a  receiver 
by  a  ground-glass  connection.  Tightly  wedged  Inside  the  compound  coll  was  a 
quartz  pocket  containing  a  thermocouple  at  one  side  and  quartz  plug  6  mm  In  dla«. 
meter  at  the  other.  The  coll  was  connected  to  the  electric  circuit,  the  lead 
wires  being  passed  through  holes  melted  into  the  tube.  The  condensate  receiver 
was  water-cooled  at  operating  temperatures  up  to  350*#  water  emd  Ice  being  em¬ 
ployed  for  cooling  above  that  temperature.  The  gaseous  products  were  collected 
In  a  measuring  gas  buret  with  a  capacity  of  750  nl.  The  airtightness  of  the 
equipment  was  determined  by  means  of  an  aspirator  with  a  1-metcr  difference  In 
water  level.  Isopropyl  alcohol,  with  a  b.p.  of  01.6-81.8*  at  745*8  mm; 

0.7887;  Up®  1.3774  was  used  In  this  research. 

The  objective  of  our  research  was  to  determine  how  dehydration  Is  affected 
by  temperature,  the  amount  of  catalyst,  and  the  alcohol's  rate  of  feed,  as  well 
as  the  life  of  the  catalyst,  the  feasibility  of  regenerating  it,  and  the  advisa¬ 
bility  of  mounting  the  catalyst  on  the  heating  coll.  The  experiments  were  made 
as  straight-run  tests,  the  rate  of  feed  of  the  alcohol  being  O.O5  ml  per  minute, 
unless  otherwise  stated,  at  temperatures  ranging  from  25O  to  450*. 

The  fresh  catalyst  was  conditioned  In  a  cxirrent  of  air  (l  liter /hour)  at 
250* ,  for  1  hour  and  450*  for  1  hrur,  followed  by  a  current  of  electrolytic  hydro¬ 
gen  for  1  hour  at  the  rate  of  i.25  liter /hour  at  250*.  The  catalyst  was  kept  in 
an  atmosphere  of  hydrogen  between  the  Individual  runs  and  was  conditioned  for 
about  1  hour  in  a  current  of  hydrogen  at  the  test  temperature  before  each  run. 

The  gas  volume  was  read  every  2  minutes.  The  runs  lasted  I.5  hours.  The 
initial  portions  of  gas  and  condensate  were  discarded,  only,  the  succeeding  portions 
being  analyzed.  The  refraction  of  the  condensate  was  measured.  The  gas  was  anal¬ 
yzed  in  an  Improved  VTI  (All-Union  Institute  of  Heat  Engineering)  gas  analyzer  (9l- 

Test  Results 

The  dehydrating  properties  of  the  catalysts  listed,  shaped  into  balls, 
have  been  investigated,  and  the  course  of  the  process  has  been  plotted  as  a 
function  of  the  amount  of  catalyst  and  the  temperature  (Table  2  and  Fig.  1 ) . 

As  we  see  In  Fig.  1,  dehydration  Is  a  nearly  straight-line  function  of  the 
amount  of  catalyst  at  250*  C,  when  Voronezh  clay  No.  1  is  used.  This  linear 
relationship  is  disturbed,  however,  as  the  temperature  is  raised.^ 

As  for  the  variation  of  the  reaction  velocity  with  temperature,  these  same 
clays  obey  the  Arrhenius  equation  satisfactorily,  Ig  K  being  a  linear  function  of 
1/T  for  all  the  catalyst  proportions  investigated  (Fig.  2). 


1)  The  kinetics  of  dehydration  with  the  catalysts  listed  will  be  dealt  with 
in  a  separate  paper. 
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Fig.  1.  Per  cent  dehydration  as  a 
function  of  the  amount  of  catalyst 
and  the  temperature-  A  —  Per  cent 
dehydratlonj  B  —  Rroportlon  of 
catalyst,  parts  hy  weight.  Tem¬ 
peratures,  *  C:  1  —  hCX)j  2  —  350# 

2  “  300;  i  -  250. 

A  similar  relationship  prevails  for  the  other  clays  and  opokas  studied. 

The  activation  energy,  as  found  from  the  Arrhenius  equation.  Is  shown 
In  Table  3- 

The  activation  energies  of  the  clays  and  opokas  are  nearly  aXlke  at  the 
catalyst  proportions  employed,  totaling  about  hl50  cal/mole.  They'are  about 
16,000  cal/mole  for  alumina  [10].  It  follows  that  the  nature  of  the  active 
centers  in  alumina  Is  different  from  that  In  the  clays  and  opokas.  Chemical 
analysis  appears  to  Indicate  that  In  the  last-named  It  Is  governed  by  the 
silicon  compounds. 

The  Voronezh  clay,  the  Saratov  clay  No.  1,  and  the  opoka  Ho-  86  were 
found  to  be  best. 

The  optimum  temperature  Is  350*  for  low  proportions  of  catalyst  (i-73  ff 
or  1  part  by  weight),  dehydration  not  being  Increased  by  raising  the  temper¬ 
ature  any  higher.  At  medium  proportions  (3  to  5  parts  by  weight),  the  per  cent 
dehydration  rises  with  temperature  up  to  UOO  .  At  8  parts  by  weight  (l4  g)  of 
the  Voronezh  and  Saratov  No.  1  clays,  the  optimum  temperature  Is  300*,  nearly 
lOOJt  dehydration  being  attained.  •  ^ 

As  for  the  German  alumina.  Its  activity  Is  always  some  3^  lower  than  that 
of  Voronezh  clay  at  250*,  Its  activity  Increasing  much  faster  with  rising  tem¬ 
perature,  however,  exceeding  the  activity  of  the  best  clay  by  some  20^^  at  ,UCX)* 
and  1  part  by  weight  of  the  catalyst.  As  the  proportion  of  catalyst  is  In¬ 
creased,  howevc.i ,  this  difference  grows  smaller,  nearly  disappearing  at  350* 
and  8  parts  of  catalyst  by  weight. 

It  should  be  noted  that  the  Voronezh  clays  exhibit  a  ripening  or  Induction 
period  [11],  during  which  activity  rises  some  attaining  a  maximum  after  about 
30  hours  of  operation,  the  activity  remaining  constant  thereafter  (for  some  90 
hours  in  our  tests)  (Table  4). 


Fig.  2.  ■  Ig  K  as  a  function  of  I/T  ■ 
for  various  proportions  of  catal^t. 
A  -  10^-lg  K;  B  -  l/T-10*.  Propor¬ 
tion  of  catalyst  (parts  by  wel^it)^ 

1  -  2  -  3;  1  -  1. 


TABLE  2 

Per  Ceat  Dehydration  With  Various  Catalysts  as  Affected  by 
Temperature  and  the  Amount  of  Catalyst 


pera- 
e,  •  C 


1  Catalyst  and  sample  number 

Saratov  opoka 

L _  _ _ 

German 

AI2O3 


Amount  of  catalyst  —  1.75  S  (1 


1 

250  1 

(16) 

47.78 

1  (235) 

1  U8.02 

(185)  1 

41.23  ; 

(205) 

33.86 

(255) 

31.52 

1(275) 

!  37.48 

^295) 

38.83 

!  (106) 

:  16.35 

1 

i 

300 

i  (18) 
60.43' 

(256) 

60.64 

(186)  1 
53.12  I 

(206) 

44.20 

(256) 

41.39 

(276) 

48.40 

■ (296) 
50.18 

(107) 

49.68 

350 

(20)  : 
71.35 

(237) 

71.43 

(187)  i 
63.56  1 

(207) 

54.14 

1 

(257) 
51.02  : 

(277) 

58.73 

(297) 

60.74 

(108) 

88.07 

400  1 

(21) 

1  72.51 

(238) 
72.58  . 

(180) 

,  65.‘‘'i  . 

(208)  ! 

55.72 

'  (258)  1 

53.81 

(218) 

60.26 

(298) 

62.28 

(110) 

92.97 

• 

Amount  of  catalyst 

~  5.25  g  (3  pts. 

by  vt.) 

^300) 

53.14 

t 

250 

.  (31)  ' 
63.86 

■  (240) 

64.00 

1 

:  (190) 

1  59.74  j 

(210)  *  (26c)  1 

47.72  45.49 

(280) 

5l.!^3 

(116) 

32.08 

300 

(33) 

76.40 

(241)  I 

76.54  : 

I  (191) 

72.47 

(211) 

59.96 

(261 )  ’ 

57.53  i 

(281) 

64.03 

(301) 

65.87 

(117) 

77.53 

350 

(34) 

85.38 

(242)  ! 

85.47  j 

!  (192) 

:  82.25 

\ 

(212) 

70.55 

(262) 
68.17  • 

(282) 

74.53 

(302) 

76.33 

(118) 

99.05 

400  j 

(35) 

i  91.49 

(243)  i 

91.55 

•  (193) 

89.13 

(213) 

79.08 

(263) 

76.89 

(285) 

82.67 

(305) 

84.27 

(119) 

99.99 

Amount  of 

'  catalyst 

".ii  8.75  g  (5  pts. 

by  vt.) 

1 

1 

250 

[  (51)  ' 
1  78.75 

'  (245)  ! 

78.84  : 

'  (195)  ! 

:  74.17  1 

(215) 

58.84 

(265)  ^ 

56.75 

(285) 

63.52 

’(3P5) 

64.31 

(125) 

46.63 

300  ! 

1  (52; 

!  88.83 

(246) 

88.90  ' 

(196) 

*  85.34 

1 

(216) 

71.45 

(266) 

69.28 

(286) 

76.02 

(306) 

76.81 

(126) 

91.03 

j 

350 

•  (53) 

;  94.74 

(247) 

94.78 

1  (197) 
92.36 

(217) 

81.24 

(267) 

79.35 

(287) 

85.26 

(307) 

85.90 

(128) 

99.95 

400 

•  (54)  ‘  (248) 

,  97.71!  97.73 

'  (198) 

•  96.30 

(218) 
88.26  1 

(268) 

186.76 

(288) 

91.43 

(308) 

91.89 

(13O) 

99.99 

!  (62) 
250  !  99.67 

Amount 
[  (250) 

99.69 

of  catalysWl4  g  (8  pts.  by  wt.) 

1  (200)  '  (220;  1  (270)  '  (290; 
95.52  78.13  ‘76.23  82.64 

'Si® 

300 

(63) 

99.97 

(251) 

99.98 

(201) 

98.78 

(221)  ; 
88.30 

(291) 

91.64 

(J3! 

350 

.  (63a)  (252) 

99.98.  99.98 

(202) 

99.73 

(222; 
94.30  ■ 

(272) 

;  93.58 

(292) 

96.42 

(512) 

96.97 

(138-a) 

99.98 

400 

- 

(253) 

99.97 

;  (203) 
.99.97 

(223)  • 

97.44 

'  (273) 
,96.90 

(293) 

98.59 

- 

In  this  and  the  follovlng  tables,  the  test  numbers  are  given  In  parentheses. 


TABLE  3 

.  Activation  Energ>'  (in  cal/mole)  of  Various  Catalysts 
as  a  Function  of  the  Rroportlon  of  Catalyst 


Name  of  catalyst 
and  number  of 

I^oportlon  of  cata-  I  Name  of 
lyst,  parts  by  weight  !  catalyst 

Proportion  of  cata¬ 
lyst,  parts  by  weight 

sample  - 

1 

8 

1  kxumwsr  1 

!  of  sample 

1  1 

.  8 

Voronezh  clay 

1- 

4200 

4200 

4l60 

4100 

1  “1 

5  1 

•  Opoka  5 

4100 
4130  • 

4100 

4120 

Saratov  clay 

4150 

4U5 

4165 

4100 

I  t  ; 

1  Alumina 

4150 

16020 

4l60 

16150 

TABLE  TABLE  5 


Activity  of  Voronezh  Clays  as  Affected  Effect  of  the  Rate  of  Alcohol  Feed 
by  Length  of  Operation  and  Temperature  Upon  Dehydration 


r 

Per  cent  dehydration 

Rate  of 

Per  cent 

dehydration 

Temperature  ! 

•  c. 

• 

1 

Fresh  Clay 

Clay  after  30 
hours  of 
operation 

Tempera¬ 
ture  •  C 

feed, 

ml/mln 

• 

Voronezh 

clay 

No.  1 

Saratov 

clay 

No.  2 

250 

(51) 

86.43 

(181) 

90.37 

300 

0.05  i 

(63) 

!  99.97 

(221) 

•97.89 

300 

(52) 

98.42 

»’82) 

93.51 

300 

•  i 

0.1 

(66) 
j  99.0U 

.(225) 

97.56 

550 

(53) 

93.<*9 

(183) 

96.69 

300 

i 

0.2 

i  (67) 
71.63 

(226) 

69.31 

- 

300  ! 

1  0-5 

!  (68) 
48.25 

(227)  . 

46.64 

• 

1 

350.  ; 

!  !  (69) 

:  .0.3*  •  ^.12  i 

(228) 
i  59.73 

400 

0.3 

(70)  i 

75.31 

i  (229) 

1  75.85 

The  effect  of  the  rate  at  which  the  alcohol  is  fed  upon  dehydration  when 
13.93  g  of  catalyst  are  used  is  Illustrated  in  Table  5» 

A  rate  of  0.1  ml/mln  is  satisfactory  at  300* 

The  activity  of  the  catalyst  drops  off  considerably  after  a  high  rate  of 
alcohol  feed  has  been  employed,  but  its  activity  may  be  readily  restored  by  pas¬ 
sing  3  liters  of  air  (2  liters  per  hour)  at  k^O*  through  the  tube  containing  the 
catalyst  (Table  6). 

Tests  were  made,  using  the  same  catalyst  applied  to  the  nlchrome  coll 
(Table  7). 
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Comparison  of  tables  2  and  7 
Indicates  that  applying  the  catalyst 
to  the  coll  Increases  the  efficiency 
come  600%.  We  also  Investigated  the 
dehydration  of  Isopropyl  alcohol  with 
a  plain  nichrome  coil  [8],  finding  It 
to  be  0.89^  at  300*  and  2.19^  at  UOO*. 

The'  process  resulted  In  decom¬ 
position  of  the  alcohol  Into  water 
and  propylene  In  all  the  tests  we 
ran,  at  temperatures  ranging  from 
250  to  This  was  proved  by 

analysis  of  the  gas  and  determina¬ 
tion  of  the  condensate's  refraction. 

The  differences  between  the  per  cent 
dehydration  as  calculated  from  the 
volume  of  gas  and  from  the  refraction, 
were  negligible,  not  exceeding  the  ex¬ 
perimental  margin  of  error  (see,  for 
Instance,  opoka  No.  1  and  alumina  in 
Table  7). 

SUMMARY 

1.  A  study  has  been  made  of  the  dehydrating  properties  of  some  Voronezh  re¬ 
fractory  clays  and  Sauratov  clays  and  opokas.  The  process  Involves  no  side  reactions. 
The  best  catalysts  were  found  to  be  the  Voronezh  clays,  the  Saratov  clay  No.  1, 

and  the  opokas  No.  86  and  No.  213 • 

2.  A  temperature  of  350*  Is  close  to  the  optimum  value  for  the  catalysts 
tested,  when  the  proportions  specified  are  employed.  Dehydration  Is  close  to 
1(X)^  when  l4  g  of  catalyst  are  used.  A  rate  of  0.1  ml  of  alcohol  per  minute  Is 
efficient  enough. 

3.  Voronezh  clays  exhibit  a  ripening  period,  which  Is  followed  by  a  period 
of  constant  activity,  lasting  about  90  hours. 

The  catalyst  may  be  regenerated  quite  satisfactorily  in  a  current  of  air  at 

^^50*^. 

U.  When  Che  catalyst  Is  applied  to  a  compound  nichrome  helix,  the  amount  em¬ 
ployed  may  be  reduced  800^,  the  optimum  temperature  is  250*. 

5.  The  variation  of  the  reaction  velocity  with  temperature  confonns  to 
Arrhenius's  Equation. 

In  conclusion,  I  wish  to  express  my  profound  gratitude  to  N.S.Nedlna,  senior 
laboratory  assistant,  for  her  assistance  in  the  experimental  work,  to  V.I.  Astra- 
khanov,  geologist  of  Saratov  State  University,  for  supplying  the  samples  of  clay 
and  opokaj  and  to  A.A.Tolstopyatova  (of  the  N.D. Zelinsky  Laboratory  of  Organic 
Catalysis)  for  supplying  the  alumina. 


lABLB  6 


Per  Cent  Dehydration  at  High  Rates  of 
Alcohol  Feed  and  After  Regeneration 


1  Catalyst 

Temper.- 
ture  C. 

After  oper¬ 
ating  at  a 
rate  of 
3.3  ml/min 

After  re¬ 
generation 

(51) 

(175) 

(178) 

250  36. U3 

70.32 

88.93 

(52) 

(176) 

(179) 

300  39.42 

73.59 

92.17 

(53) 

(177) 

(180) 

350  ?3.it9  j 

77.8U 

95.68 

(220)  : 

(230) 

(232) 

250  78.13  1 

60.48 

78.53 

(221) 

(251) 

(233) 

300  97.89  1 

79.27 

97.91 

ERR 


TABLE  7 

Per  Cent  Dehydration  When  Catalyst  Is  Applied  to  the  Hlchrome  Coll 


Temperature 

•  C 

Per  cent  dehydration 

1  Vorones 

:h  clay 

Saratov  clay  ! 

Opoka 

No.  3 
(1.620  k) 

No.  1 
(1.763  g) 

■KEEH 

■ilriSJBl 

No.  1  (1.784  g) 

By  ng» 

condensate 

^  Toluae 

1  • 

4 

of  gas 

I  (176J 

(529) 

(317) 

!  (72)  ! 

250 

99.60 

99.67 

95.46 

1  77.60 

76.21; 

76.15 

1  (178) 

(331) 

(318) 

1  (300)  ! 

(72)  : 

300 

99.96  1 

99.97 

98.75 

87.89 

86.80 

86.71 

i  (177)  1 

t  (332)  ; 

(319) 

(301) 

(74) 

350 

— : _ i 

1  99-97  j 

i _ 

!  99.98  i 

i  1 

;  99.71 

94.04 

1  ' 

93.29: 

'  •  t 

93.22 

Qpoka 

German  alumina 
’  (1.75  g) 

n 

No.  2 

No.  86 

No.  215 

No.  251 

T 

1 

(1.780  g) 

(1.760  g) 

(1.895  g) 

(1.798  g) 

i 

•  (284) 

(269)  1 

(272) 

(287) 

(153) 

250 

82.50 

84.00 

85.12  ! 

'  82.08 

66.92 

66.89 

(285) 

(270)  1 

(273) 

(288) 

(154) 

300 

91.69 

92.U3 

93.39 

91.17 

98.60 

98.58 

(286) 

(271) 

(274) 

(288a) 

(155) 

350 

96.22 

97.03  1 

97.32  : 

;  96.09 

100.00 

8 

• 

8 
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mVESTIGATION  OF  AiQ,UEOOS  SOLUTIONS  OF  SELOIIC  A::ID  BI 
TBS  SPECIFIC -GRAVrrr  METTHOD 


A.  F.  Kapustinsky  etnd  A.  B.  Zhdanova 


D.  I.  Mendeleev  Institute  of  Chemical  Engineering,  Moscow. 

The  classic  researches  of  Ifendeleev  on  the  specific  gravity  of  aqueous 
solutions  laid  the  foundations  of  the  hydrate  theory  of  solutions  (!].  He  dis¬ 
covered  that  a  series  of  hydrates  exists  In  the  sulfuric  acid  —  water  system. 
These  researches  were  continued  later  [2,  3,  4,  3,  6,  7l. 

We  set  as  our  objective  similar  Investigations  of  the  closest  analog  of 
sulfuric  acid,  viz. :  selenlc  acid,  'nils  Investigation  was  all  the  more  neces¬ 
sary  as  the  available  material  In  this  field  was  Inadeq'oate.  The  earlier  re¬ 
searches  not  only  did  not  use  the  standard  temperature  of  25*  C,  but  were  also 
Inaccurate,  as  may  be  seen  If  we  plot  the  product  of  specific  weight  by  compo¬ 
sition  from  the  data  secured  by  Cameron  and^Macallan  [8]  and  by  Dlemer  and 
Lehner  [9l;  the  broad  scattering  of  the  points  renders  any  conclusion  at  all 
impossible.  Still,  the  experimental  techniques  of  measuring  the  densities  of 
liquid  systems  have  made  considerable  progress  In  recent  years.  Moreover,  the 
experimental  results  may  be  analyzed  in  the  light  of  the  thermodynamics  of 
partial  molal  quantities. 

EXPERIMENTAL 

The  Washburn  and  Smith  method  [10]  was  used  as  the  basis  for  measuring, 
density.  We  did  not  use  dual  pyknometers,  however,  but  rather  a  single  quartz 
pyknometer  with  a  capillary  neck  and  a  gromid  quartz  stopper.  The  temperature 
in  the  thermostat  was  held  within  ^.005"  C.  Weighing  was  done  to  the  nearest 
O.CXX)l  g.  A  correction  was  made  for  reduction  to  vacuum.  The  level  of  the 
liquid  in  the  capillary  was  read  with  a  cathetometer.  Which  enabled  us  to  make 
readings  to  the  nearest  O.O5  mm.  The  pyknometer  was  calibrated  with  repeatedly 
distilled  water.  All  densities  were  referred  to  that  of  water,  which  was  taken 
as  1  at  4*  C.  The  analysis  of  the  accuracy  of  determinatloA  was  made  with  an 
error  of  +0.00001. 

•  Of  the  various  methods  described  in  the  literature  for  preparing  selenlc 
acid,  we  selected  the  Gilbertson  and  King  method  [11],  involving  the  oxidation 
of  selenl'im  dioxide  with  hydrogen  peroxide.  A  feature  of  this  method  is  that 
the  reaction  yields  no  other  products  than  H2Se04  and  water,  thus  guaranteeing 
the  purity  of  the  resulting  preparation.  The  selenium  dioxide  required  for  the 
sjTithesls  was  prepared  by  the  Meyer  method  [12]  of  oxidizing  chemically  pure 
elementary  selenium  with  oxygen  at  450-5CX)*  in  the  presence  of  nitrogen  dioxide 
as  a  catalyst. 


The  hydrogen  peroxide  employed  In  this  synthesis  was  distilled  In  vacuo 
to  Tree  it  of  the  stablllxer  always  present  In  a  hydrogen  peroxide  reagent. 
Completeness  of  oxidation  was  checked  by  quantitative  determination  of  the 
unreacted  SeO^  [13 1.  The  selenlc  add  we  produced  contained  less  than  • 
Se0>2. 

The  synthesized  solution  of  selenlc  acid  was  concentrated  by  prolonged 
(several  days)  distillation  at  a  pressure  of  4-6  mm  of  mercury  and  a  tempera- 
t\ire  of  •150*. 

The  concentrations  of  the  Initial  solutions  of  selenlc  acid  were  deter¬ 
mined  analytically  by  the  volumetric  method^  by  titration  with  a  O.IH  solution  . 
of  sodium  hydroxide^  using  methyl  orange  as  an  Indicator. 

Cxe  results  of  our  determinations  of  specific  gravity  and  the  derivative 
(  d/.'p)^  calculated  therefrom  of  aqueous  solutions  of  selenlc  acid  at  25*  C 
are  listed  In -Table  1.  ' 


TABU  1 


Density  and  Derivative  of  Density  with  Bespect  to  Composition 
of  Aqueous  Solutions  of  Selenlc  Acid  at  25*  C 


C  one  ent  r at ion 

of  H2Se04,  $ 
by  weight 

Density 

( *d/.  p)t 

Concentration 

of  H2Se04,  % 
by  weight 

Density 

1 

(jd/ip)^ 

92.97 

2.6i75t  ? 

0.C205 

64.92 

1.78685 

9‘*.33 

2.55731 

0.0248 

63.92 

1.76644 

0.0285 

92.36 

^.50817 

0..1264 

63.02 

1.7V582 

0.0193 

90.31 

2.454I1 

0.0286 

60.98 

1.7067a 

0.0191 

89.25 

4235s 

0.0278 

57.88 

1.65147 

0.0178 

88.25 

2.39584 

0.0291 

52.90 

I.57O9O 

0.0161 

87.23 

2.366O0 

0:0292 

V6.97 

1.47850 

0.0155 

83.37 

3.253I4  :  0.0317 

41.81 

l.V079o 

0.0:34 

81.38 

2.18983 

0.0287 

36.70 

1.3444s 

0.0124 

80.34 

2.16OO9 

0.0268 

30.77  i  1.27560 

0.0116 

79.3V 

2.13311/ 

0.0273 

25.36 

1.21857 

0.0105 

.  77.33 

2. 0781© 

0.0255 

20.71 

1.17244 

0.0099 

•  74.14 

1.99637 

0.0241 

14.11 

I.II2O5 

0.009? 

71-00 

1.92075 

0.0228 

9.12 

1.06983 

0.0085 

68.95 

1.87392 

0.0222 

4.23 

I.03IQ2 

0.0080 

67.V5 

1.84057 

0.0212 

3.32 

1.02393 

C.OO76 

65.99 

1.80964 

0.0213 

- 

The  specific  volumes  and  apparent  molal  volumes  of  the  solutions  of  E^Se04, 

calculated  from  the  specific  gravities,  are  listed  in  Table  2. 

In  view  of  the  fact  that  selenlc  acid  constitutes  various  hydrates  with 
water,  which  are  unstable  compounds  according  to  the  structural  diagram  (l4J, 
we  were  Interested  in  exploring  the  density  of  aqueous  solutions  of  selenlc 
acid  at  a  lower  temperature.  We  therefore  made  a  study  of  the  density  of  these 
solutions  at  0*  C. 

A  pyfcnometer  with  a  capacity  of  about  15  cu  cm,  a  capillary  neck,  and  a 
ground  stopper,  was  employed  In  these  measiirements.  The  temperature  of  the 
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TAB12  2 


Density,  Specific  Volume,  and  Apparent  Molal  Volume  of  Aqueous 
.  Solutions  of  Selenlc  Acid  at  25*  C 


Concentration* 

HKsSSSH 

Specific 

Apparent 
molal , vol¬ 
umes  (p 

% 

Molal,  M 

Volume^ 

97.27- 

244.85 

15.65 

2.61757 

0.38203 

52.850 

94.35 

115. U 

10.72 

2.55731 

'  0.39104 

51.382 

92.36 

83.570 

9.14 

.  .  2.50817  ! 

1  '  .  0.39862 

50.556 

90.31 

64.447 

8.03 

2.45411  1 

1  0.40747 

49.833 

89.25  1 

1  57.248- 

7.57 

2.42355 

1  0.41262 

j  49.506 

88.25  ! 

;  31.811 

1  47.054 

7.20 

2.39584  1 

i  0.41738 

;  49.210 

87.23  ! 

6.86 

2:3^00 

i  0.42265 

!  48.940 

83.37 

1  34.600 

5.88 

2.25314 

!  0.44382 

!  ltS.l82 

81.38 

i  30.140 

5.48 

2.18983  * 

1  0.45665 

i  48.076 

80.3^ 

28.180 

!  5.30 

2.16009 

;  0.46294 

1  47.949 

79.34 

.  24.102 

4.91 

2.13311 

0.46879 

j  45.801 

77.33 

1  23.526 

4.85 

2.07819 

0.48118 

1  47.581 

7^<>.14 

i  19.782 

4.45 

1.99657 

0.50858 

{  48.740 

71.00 

16.889 

4.11 

1.92075 

0.52062 

i  46.918 

68.95 

15.320 

1  ?.9l  1 

;  1.87392 

0.53563 

1  ‘►6.723 

67.^3 

=  14.200  j 

3.76 

1  1.84057  . 

C.54330 

I  46.374 

63.99 

:  15.381 

3.66  ! 

1  1.80964 

0.55259 

!  46.350 

64.92 

;  12.761 

3.58  i 

j  1.78^ 

.  •  0.55964 

i  46.403 

63.92 

12.220 

3.49  1 

'  1.76664 

0.56610 

!  ‘►6.315 

63.02 

11.755  1 

3.42  : 

1.74582 

0.57279 

i  46.455 

60.98 

10.781  ! 

3.28  1 

1  1.70678 

0.58587 

i  46.248 

57.83 

9.477 

3.08  : 

.  1.65147 

b. 60552 

;  ‘►5.855 

52.90 

7.747 

2.73  : 

1.57090 

0.65725 

45.190 

46.97 

6.109 

2.47 

1.47650 

0.67635 

44.587 

41.81 

4.957 

2.22  : 

1.40790 

0.71027 

‘►3.937 

36.70 

3.999 

2.00 

I.344U5 

0.74579 

43.035 

30.77 

3.066 

1.75  • 

1.27566 

0.78389 

42.201  . 

25.36 

2.543 

1.53 

1.21857 

0.82063 

41.443 

20.71 

1.802 

1.34  1 

1  1.17244 

0.85292 

40.450 

l4.ll 

1.133 

1.06  i 

1.11205 

0.89923 

38.901 

9.12 

0.693 

0.832  ■ 

1.06988 

0.93468 

37.681 

4.23 

0.305 

0.552 

1.03102 

0.96990 

32.470 

3.31 

0.236 

0.486 

1.02393 

0.97662 

30.070 

3.00 

0.208 

0.459 ; 

,  1.02136 

0.97908 

27.338 

1.51 

t  0.106 

0.325 

1.01005 

1  0.99707 

0.99004 

1.0029 

21.760 

i 

Ice  thermostat  was  kept  constant  to  within  •fO.02*.  To  eliminate  the  effect 
of  any  error  in  determining  the  composition  Tas  is  unavoidable  in  titration) 
upon  the  course  of  the  curve  of  the  derivative  of  density  with  resjject  to  com¬ 
position,  we  employed  the  following  method  in  preparing  our  solutions.  The 
dried  and  weighed  pyknometer  was  filled  with  an  acid  solution  whose  concen¬ 
tration  had  been  determined  as  accurately  as  possible  (by  titration).  After 
the  density  had  been  measured,  a  small  amount  of  the  solution  was  taken  from 
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the  pyknometer  with  a  capillary  plpet,  the  pyknoneter  was  weighed,  and  then 
a  calculaxed  quantity  of  water  was  added  to  the  pyknoneter,  which  was  lnmersed 
In  a  ft'eezlng  mixture  (-10*),  causing  the  level  of  the  liquid  to  fall  below 
the  neck,  the  liquid  within  the  pyknoneter  being  stirred  by  rotating  a  plati¬ 
num  wire  within  the  pyknoneter  about  Its  own  axis  by  means  of  an  electric 
motor.  The  action  of  centrifugal  force  caused  the  platinum  wire  to  bend 
Inside  the  pyknometer,  thus  stirring  the  liquid  vigorously.  After  these 
operations  were  completed,  the  pyknometer  was  rewelghed.  Thus  all  the  solu¬ 
tions  whose  density  was  measured  were  prepared  fjrom  the  same  Initial  solution 
within  the  pyknometer  Itself;  though  this  did  not  eliminate  an  error  In  the 
titration  of  the  Initial  solution.  It  rendered  the  error  constant  throug^ut 
all  the  meansurements,  and,  hence.  It  did  not  affect  the  shape  of  the  density  • 
composition  curve.  The  accuracy  of  determination  at  0*  Is,  of  course,  lower 
than  that^at  25* j  by  one  order  of  magnitude. 

The  results  of  our  determinations  of  specific  ^avlty  and  the  calculated 
derivatives  of  density  with  respect  to  composition  for  aqueous  solutions  of 
selenlc  acid  at  0*  C  are  Hated  In  Table  ^ 

TABIZ  3  \  -3a 

Density  and  Derivative  of  Density  Vlth  I  ^  \ 

Respect  to  Composition  of  Aqueous  Sol-  *  1  ^  V 

utlons  of  Selenlc  Acid  at  0*  c  ^ 


Density 

dS 


88 

86  _ 
85.75 

8J^.10 

82.64 

ei.uh 

80.11 

78.95 

77.66 

75.8U 

73.93 


2.U125 

2.5795 

2.3U98 

2.325*^ 

2.3092 

2.273^ 

2.2U29 

2.1883 

2.1377 


0.0241 


0.0177 

0.0200 

0.0203 

0.0202 

0.0121 

0.0308 

0.0237 

0.0295 

0.0264 


0  »2i>  30  TO  tP30  to 

Fig.'  1.  Isotherm  of  densi^ 
and  derivative  of  density  with 
respect  to  composition  of 
aqueous  solutions  of  selenlc  * 
acid  at  25*  C. 


73^84  2  18^  0.0295  A  -  Specific  gravity  (d), 

2*1377  0.0264  B  —  per  cent  H2Se04  by  weight, 

*  I  C  —  Derivative  of  density  with 

respect  to  conqjositlon 
Cd/;p)fI-(  a/  p)t>  Il-d> 
l~’H2Se04;  2”H2Se04 ' 2H20; 

_  -  ^■H2Se04*R20. 

Figures  1  and  2  show  the  specific  gravities  of  the  aqueous  solutions  of 
selenlc  acid,  measured  at  25*  and  0*  C,  and  the  derivative  of  density  with  resl 
pect  to  composition.  The  creaks  in  the  curve  are  not  shown  very  clearly  In  the 
25*  C  Isotherm  (Fig.  l),  but  the  derivative  curve  exhibits  the  discontinuities 


Fig.  2.  Isotherm  of  density  and  deriva¬ 
tive  of  density  with  respect  to  compo¬ 
sition  of  aqueous  solutions  of  selenlc 
acid  at  0*  C. 

A  -  Specific  gravity  (d); 

B  -  per  cent  H2Se04  by  weight; 

C  —  derivative  of  density  with  res¬ 
pect  to  composition  (*d/ap)t> 

I-(  d/  p)t>  Il-d;  l-H2Se04*2H20; 

2~’E2  Se  O4  *  0 . 


corresponding  to  the  stolchlo- 
metrlcal  composition  of  the  hy¬ 
drates,  viz. ;  H2Se04  •  H20; 

H2Se04  *  UH2O;  and  a  hydrate 
H26e04  *  2H20  as  yet  unknown  In 
the  literature. 

The  points  of  Inflection 
on  the  density  Isotherm  for  0*  C 
(Fig.  2)  and  the  striking  discon¬ 
tinuities  manifested  on  the  curve 
of  the  derivative  of  density  with 
respect  to  composition  refer  to 
the  following  hydrates  of  the 
selenlc  acid;  E2Se04  *  HsO  and 
H2Se04  *  2H;20,  thus  corroborating* 
the  existence  of  the  latter.  The 
more  pronounced  display  of  the 
points  of  Inflection  on  the  Iso¬ 
therm  of  the  density  of  aqueous 
solutions  of  selenlc  acid  at  0*  C 
Is  evidence  of  the  decrease  In  the 
dissociation  of  selenlc  acldhydrates 
as  the  temperature  goes  down. 


The  results  of  our  determinations  of  density  at  0  and  25*  C  are  listed  In 
Table  U,  the  specific  gravities  for  25*  being  interpolated  from  the  data  given 
In  Table  1  for  solution  concentrations  the  density  of  which  had  been  measured 
at  0*.  The  table  shows  the  specific  volumes  of  solutions  of  the  stated  concen¬ 
trations  at  0  and  25*,  their  differences,  and  their  coefficients  of  volumetric 
expansion. 


TABLE  ^ 


H2Se04  con¬ 
centration, 
^  by  weight 


The: mal  Expansion  of  Aqueous  Solutions  of  Selenlc  Acid 


Inter- 


pointed 


•  10* 
dt 

do 

yzs 

- - 

Yo 

• 

— 

▼=Y2s-Tro 

— 

cu  cm  per 
gram  per 
degree 

93.30 

2.53317 

92.58 

2.51413 

92.01 

2.49829 

91-^9 

2.48471 

91.01 

2.47191 

89.79 

2.43875 

88.06 

2.39030 

86.99 

2.35911 

85.75 

2.32293 

84.10 

2.27467 

62.64 

2.22996 

81.44 

2.19197 

80.11 

2.15390 

78.95 

2.12244 

77.^ 

2.08730 

75.84 

2.04003 

73.93 

1.99131 

2.5599 

2.51^33 

2.53^5 

2.5262 

2.5181 

2.1^885 

2.U65O 

2.4543 

2.4125 

2.3795 

2.5498 

2.5254 

2.5092 

2.273^ 

2.2429 

2.1888 

2.1377 


0.39**76 


I 


0.39775 

0.40027 

0.40246 

0.40450 

0.41004 

0.41855 

0.42388 

0.45049 

0.43962 

0.44843 

0.45621 

0.46426 

0.47115 

0.47908 

0.49018 

0.50218 


'0.3906 

i  0.00412  1 

10.3932 

i  0.00456  : 

•0.39**6 

;  0.00571  ■ 

0.3970 

i  0.00542  ! 

: 0.3971 

1  0.00738 

0.4018 

•  0.00819 

0.4057 

0.01268 

0.4108 

0.01509 

0.4141 

0.01640 

0.4202 

0.01938  : 

0.4256 

0.02286  i 

C.43OO 

0.02618  \ 

0.4330 

0.03122 

0.4398 

0.4458 

0.03130  . 
0.03323  { 

0.4569 

0.4678 

0.03332  , 
0.03440  1 

1.647 

1.823 

2.28 

2.17 

2.95 

3^7 

5.07 

5.25 

6.57 

7.75 

9.14 

10.47 

12.48 
12.52 
13.29 
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The  coefficient  of  volumetric  expansion  of  aqueous  solutlc/bs  of  selenlc 
acid  between  0  and  25*  Is  plotted  In  Fig.  3  for  the  concentration  range  of 
73.9-93.3fl  by  volume  of  H2Se04.  The  discontinuities  on  the  curve  once  more 
lie  at  the  HzSeO^  •  ^20  and  H2Se04  •  2H20  compounds  of  selt-nlT  aeld. 

’  “Die  application  of  the  modern  theory  of  strong  electrolytes  to  the 
analysis  of  the  properties  of  solutions,  x>®^ioularly  volumetric  and  heat- 
capacity  properties,  has  been  most  successful  In  systems  In  which  no  clearly 
marked  chemical  action  takes  place.  It  was  to  be  expected  (and  this  has  been 
borne  out  by  experiment)  that  whenever  different,  clearly  distinct,  compo'cnds 
are  formed  In  the  solution.  Mason's  rule  (I5l  and  other  analogous  functions 
of  ’/m  will  not  apply  at  all  or.  In  any  event,  will  hold  good  only  In  a  narrow 
concentration  range.  We  see  In  Fig.  4,  as  a  matter  of  fact,  that  the  variation 
of  the  apparent  volumes  with  v/TT  (a  constant  eiccording  to  the  figures  in  !Ikble 
2)  Is  far  from  linear.  The  figure  shows  that  the  emergence  of  the  hydrates  Is 
accompanied  by  an  anomalous  course  of  the  curve.  This  is  shown  clearly  enough 
In  the  case  of  the  tetrahydrate  and  dihydrate,  .while  as  far  as  the  monohylrate 
Is  concerned.  It  is  manifested  by  the  intersection  of  two  clearly  different 
curves.  Even  systems  In  which  the  chemical  action  is  less  manifest,  such  as 
the  system  of  a  uraLn^'-l  salt  and  water,  exhibit  an  appreciable  departure  from. 
the  linearity  rule,  as  has  been  proved  In  the  paper  by  Kapustlnsky  and  Lipllina 
[l6],  linearity  being  maintained  only  in  a  narrow  concentration  range.  Tbe 
Mason  equation,  which  was  first  derived  empirically  [17]/  vas  later  derived 
theoretically  by  Redllch  [18],  This  conclusion  holds  good  for  highly  dilute 
solutions.  We  also  know  [19l  that  the  linear  variation  of  the  apparent  volumes 
with  '/TT  applies  to  dilutions  no  lower  than  ’/ll  *  O.O5.  Extrapolated  valoes 
of  the  apparent  volximes  are  therefore  usually  obtained  by  extrapolating  the 
linear  relationship  seciured  in  a  concentration  range  that  does  not  ex¬ 
tend  to  excessively  high  dilutions. 


Fig.  3.  Coefficient  of  thermal  expan¬ 
sion  of  aqueous  solutions  of  selenlc 
acid  (in  the  range  of  concentrations 
from  73*93  to  93.3%  weight). 

A  -  (:‘v/.t)*10^  cu  cm  per  gram  per 
degree;  B  -  per  cent  H2Se04  by 
weight.  1  -  H2Se04*2H20> 

2  ”  H2Se04*H20* 


Fig.  k.  Variation  of  the  apparent 
molal  volume  with  ./l4  for  aqi^ecus 
solutions  of  selenlc  acid  at  25*  C. 

A  cu  cm;  B  —  /Hm. 

1  “  H2Se04‘UH20>  2  ”  H2Se04'2B^C, 

3  ”  H2Se04'H20. 


We  have  made  the  following  analysis  of  our  measurements  in  the  light  of 
the  foregoing.  Figure  5  Is  a  plot  of  I3  points  representing  the  left-hand 
portion  of  the  curve  in  Fig.  U.  We  see  in  this  large-scale  graph  that  the  first 
U  points  accurately  fit  a  linear  function;  we  may  add  that  treatment  by  tie 
method  of  least  squares  yields  the  following  equation:  ^  "  7*37 
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Fig.  5*  Variation  of  the  apparent 
nolal  volume  *  wlth\/M  In  the  0  — 
1.13  concentration  range  (straight 
line  plotted  hy  the  method  of 
least  squares). 

A  -  cu  cmj  B  —  v/HT 


This  equation  cannot  he  employed,  hov- 
ever,  to  secure  extrapolated  estimates, 
for  the  reasons  given  above.  As  a  matter 
of  fact.  It  applies  to  dilutions  where 
ve  must  expect  the  curve  to  drop  off 
and  depart  from  linearity  as  \/~H  dimin¬ 
ishes.  We  undertook  no  tests  of  still 
weaker  solutions,  since  the  measurement 
errors  In  this  dilution  range  rise  sharp¬ 
ly  as  the  molality  of  the  solution  Is 
diminished.  In  conformity  with  the  fore¬ 
going,  we  employed  the  concentration 
range  that  precedes  the  region  of  ulti¬ 
mate  dilution  (as  has  been  done  Ih  other 
researches),  where  the  linear  relation¬ 
ship  Is  still  preserved,  even  though 
only  roughly.  We  see  from  Fig.  5  that 
the  first  six  points  satisfactorily  lie 
along  a  straight  line,  extrapolation  of 
which  gives  us  y®  =  l8.1.  The  follow¬ 
ing  reasoning  may  be  cited  In  support  of 
this  rough  estimate  of  the  apparent  volume 
of  the  selenate  Ion  at  Infinite  dilution. 


In  an  ultimately  dilute  solution,  selenlc  acid  (which  is  a  strong  electrolyte 
as  has  been  proved  by  Khodakov  and  Agafonova  (20,  21])  may  be  regarded  as  fully 
dissociated  into  H*  and  Se04""lons.  Then  the  ultimate  apparent  volume  must  be 
the  sum  of  the  respective  Ionic  volumes  ^f^82Se04  =  2.8,+  .  *  Fajans  and 

Johnson  [22]  give  a  list  of  Ionic  volumes.  Using  their  value  for  the  volume  of 
H*  together  with  the  value  we  have  obtained  for  Cf>  §2Se04^  SeO^  •  “  17.6, 

or  8.8  per  equivalent.  Fajans  and  Johnson  do  not  give  any  value  for  the  selenate 
Ion,  nor  Is  it  found  anywhere  else  in  the  literature,  so  that  our  estimate  Is  the 
first  to  be  published.  The  reality  of  our  estimate  may  be  Judged  by  comparing 
the  app6urent  volumes  and  Ionic  radii  of  the  sulfate  and  selenate  Ions. 


The  volumes  are  to  each  other  as  the  cubes  of  the  radii.  Kapustlnksy  and  ^  , 

Yatsimirsky  [23]  have  found  the  SO4' ”  radius  to  be  2.30  and  the  Se04'”  radius  \o 
be  2,44.  On  the  assumption  that  the  ratio  of  the  Ion  volumes  In  the  lattice  Is 
the  same  as  the  ratio  of  the  apparent  volumes,  we  get;  r^SeO^  ^SeO^** 

r^S04  “  *  ‘f®S04**  ' 

and  substituting  the  known  values  from  the  papers  by  Fajans  and  Johnson  [22]  and 
Kapustlnsky  and  Yatsimirsky  [23],  ve  find  Se04"  =  ^.1,  as  against  our  experi¬ 
mental  determination  of  8.8,  the  difference  being  only  0.3.  In  view  of  the  rough 
and  approximate  nature  of  the  extrapolation  itself  as  well  as  the  method  of  com¬ 
parison  employed,  we  may  consider  the  agreement  fully  satlsfactoiry. 

SUMMARY 

1.  The  density  Isotherms  at  0  and  25*  C  of  aqueous  solutions  of  selenlc 
acid  show  that  -the  following  hydrates  of  selenic  acid  exist;  H2Se04  *  H2O, 

K2Se04  •  2H2O,  and  H2Se04  *  4H2O.  The  hydrate  H2Se04  '  2H20  has  been  discovered 
for  the  first  time. 


2.  The  measured 
been  utilized  to  find 


specific  gravities 
the  apparent  molal 


of  aqueous  solutions 
volume  of  the  Se04 


of  selenlc  acid  have 
Ion,  equaling  8.8. 
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CCWDUCTARCE  AND  VISCOSITT  IH  THE  KOH  -  EgCOa  -  ^20  SYSTEM 


N.  I.  UsanoTlch  and  T.  I.  Sushkevlch. 


Ve  have  investigated  the  conductance  and  viscosity  of  aqueous  solutions  of 
KOH,  containing  various  proportions  of  XzCOa,  in  concentrated  KOH  solutions,  because 
solutions  of  these  concentrations  are  employed  in  the  industrial  electrolysis  of 
water. 

The  KOH  emd  KzCOa  employed  in  our  research  came  from  the  firm  of  Kahlbaum. 

The  solutions  were  prepared  with  water  that  had  been  double-distilled  with  KMnO^ 
and  Ba(0H}2,  the  conductance  of  which  ranged  from  0.8  to  1.5‘1C>“5j>Vi  In 
preparing  the  solutions  the  caustic  alkali  was  first  washed  repeatedly  with  the 
bldlstillate  to  remove  the  superficial  crust  of  carbonate,  inasmuch  as  we  were 
Interested  in  the  Influence  of  the  K2CO3  ux)on  conductance,  and  we  wanted  to  begin 
wltl^  solutions  that  contained  only  small  percentages  of  KgCOa.  The  solutions  pre¬ 
pared  in  this  manner  contained  O.3  to  O.5?.  potassium  carbonate.  The  conductance 
was  measured  at  three  temperatures:  25,  50>  and  97^ t  and  in  the  KOH  concentration 
r<inge  from  I8. 86^  to  41.59^,  the  potassium  carbonate  content  ranging  from  1^  to  31^. 

TABLE  1  TABLE  2 

Conductance  at  a  KOH  Concentration  of  Conductance  at  a  KOH  Concentration 

18.86*  of  21. 


.^25 


II 


•2.00 

9.76 

21.50 

25.97 


0.6042 

0.8769 

i;4l45 

1 

- 

0.5893 

0.8588 

1.3815 

2  . 

3.54 

0.5289 

0.7864 

1.2759 

3  : 

6.26 

0.4329 

0.6612 

1.1304 

4  : 

14.20 

0.3933 

0.6134 

1.0510 

5  i 

18.20 

6  , 

31-10 

0.6527  0.9637 
0.6225'  0.9240 
0.5959  0.8912 
0.5233  :  0.7959 
0.4789  I  0.7452 
0.3457 !  0.5708 


1.5506 

1.3880 

1.4458 

1.3329 

1.2590 

1.0420 


Our  findings  indicate  that  increasing  the  percentage  of  potassium  carbonate  in 
the  alkali  lowers  the  specific  conductance  of  the  solution. 

At  first  sight,  this  is  surprising.  It  would  seem  that  adding  one  electrolyte 
to  another  that  does  not  react  chemically  with  it  should  Increase  the  conductance  of 
the  solution,  but  the  contrary  is  observed  to  happen.  The  only  possible  explanation 


The  boiling  point  of  water  under  the  conditions  of  the  experiment. 


TABLE  3 

Conduct^ce  at  a  KOH  Concentration  of 
26.37^ 


Ho. 

Per  cent 
K?CO^ 

-25* 

^50* 

! 

1 

0.6753 

1.0190 

! 1.6741 

2  ! 

!  2.55 

0.6460 

0.9831 

!  1.6300 

3  ! 

1  7.19 

0.6016 

0.9156 

i  1.5398 

if  1 

1  13.U0 

0.5275 

0.8199 

!  1.4176 

’  i 

1  30.87 

0.3291 

0.5665 

1 1.0501 

TABLE  h  , 

Conductance  at  a  KOH  Concentration 
of  28.58)t 


Ho. 

Per  cent 

KpCOfl 

-25* 

-50* 

^97* 

1 

0.669if 

1.0072 

1.7042 

2 

2.41 

0.6395 

0.96^ 

1.6U75 

3 

0.14 

0.5693 

0.8806 

1.5176 

4 

14.60 

0.5089 

0.8013 

1.3980 

5 

21.30 

1  0.4115 

0.6709 

1.2120 

^  TABIZ  3 

Conductance  at  a  KOH  Concentration  of 


TABIE  6 

Conductance  at  a  KOH  Concentration 
*  of  33.72ft 


Bo. 

Per  cent 
KpCO^ 

-25* 

-50* 

-97* 

Ho. 

Per  cent 
KpCOr, 

-25* 

-50* 

-9r 

.1 

■  ■  -  '  " 

0.6660 

1.0185 

1.7625 

▲ 

— 

0.6449 

1.0093 

1.7262 

2 

2.81 

0.6300 

0.9735 

1.7055 

2 

1.05 

0.6340 

1.0082 

1.6692 

3 

9.20 

0.5505 

0.8665 

1.5**73 

3 

2.08 

0.6289 

0.9927 

1.6198 

4 

iiM 

0.5244 

0.8340 

1.4926 

4 

2.97 

0.6127 

0.9604 

1.5'^T9 

5 

19.35 

0.4294 

0.7032 

1.3092 

5 

9.98 

0.5113 

0.8629 

1.5258 

6 

23.5 

0.3611 

0.6217 

1.2123 

TABLE  7 

Conductance  at  a  KOH  Concentration  of 


Is  that  the  conductance  Is  lovered 
because  of  the  rise  In  the  solution's 
viscosity,  the  relative  Increase  In 
the  viscosity  of  the  solution  vhen  the 
K2CO3  Is  added  exceeding  the  rise  In 
the  Ion  concentration.  To  test  this 
hypothesis  we  made  a  study  of  the 
viscosity  of  the  same  solutions  at  two 
Initial  KOH  concentrations. 

The  viscosity  was  measured  at  25 
and  50* >  the  results  are  listed  In 
Tables  8  and  9* 

As  we  see  In  Tables  8  and  9t  the  viscosity  of  a  KOH  solution  rises  as  the 
concentration  of  KsCOa  Is  Increased.  When  the  conductance  Is  corrected  for  viscosity 
the  nature  of  the  variations  in  conductance  changes  sharply. 

As  the  concentration  of  KcCOa  Is  Increased,  the  corrected  conductance  rises 
monotonously.  This  rise  Is  evidence  that  the  decrease  In  the  conductance  of  KOH 
solutions  with  Increasing  K^COa  concentration  Is  actually  due  to  aui  Increase  in  the 
solution  viscosity. 


Ho. 

Per  cent 
K^COr, 

-25* 

^50* 

-97* 

1 

*" 

0.5596 

0.9305 

1.7315 

2 

3.02 

0.5237 

0.3807 

1.6601 

3 

7.00 

0.4702 

1  0.8023 

I.5U50 

4 

11.47 

0.4164 

0.7258 

1.4169 

5 

12.50 

0.3994 

1  0.6998 

1.3840 
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TABUS  8 

Viscosity  at  e  KOH  Concentration  of  28.^8^ 


2.0975 

2.2230 

2.5916 

3.(^ 

i^.l209 


'125* 


50* 


1.2955 

1.3570 

1.5685 

1.8229 

2.355'* 


1.2644 

1.2807 


SUMMARY 

1.  The  condx£r';ance  of  KOH  solutions  ranging  from  I8.86  to  4l.59^«  containing 
1  to  yi^  potassium  :rar'bonate,  has  been  measured.  The  measurements  were  made  at  25, 
50  and  97*.  It  has  been  found  that  the  specific* conductance  of  a  KOH  solution 
falls  as  K2CO3  Is  aided. 

2.  The  viscosity  of  two  concentrations  of  KOH,*contalnlng  varying  percentages 

of  KgCOa,  has  been  measured  at  25  and  50**  The  viscosity  of  a  KOH  solution  rises 
as  K2CO3  is  added.  The  drop  in  the  specific  conductance  is  due  to  the  Increase  in 
the  solution  vlscositjj.  ^  *  • 
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It  1b  consaon  khovledge  that  "the  oxidation  or  "^siccative'  vegetable  oils 
entails  an  Increase  In  their  viscosity,  causing  them  to  harden.  But  notwithstand¬ 
ing  the  long  time  that  vegetable  .oils  have  been  studied  and  employed  as  film- 
forming  substances,  no  work  has  been  done  on  the  quantitative  aspect  of  the  relation¬ 
ship  between  oxidation  and  the  viscosity  of  the  oils. 

A  large  number  of  devices  has  been  described  In  the  literature  for  the  gasometric 
determination  of  the  absorption  of  oxygen  by  oils,  but  none  of  the  methods  cited 
makes  it  possible  to  follow  the  thickening  of  the  oil  as  it  oxidizes.  Hence,  the 
first  objective  of  the  present  research  was  to  develop  a  suitable  method  of  following 
the  course  of  oxidation  together  with  the  resulting  rise  In  viscosity. 

EXPERIMESTAL 

In  the  apparatus  of  our  design,  the  volumetric  method  of  determlng  the  oxygen 
absorption  is  coupled  with  a  simultaneous  determination  of  viscosity  by  the  discharge 
method  (Fig.l).  -  *  . 


Flg.l.  Diagram  of  appauratus  for  studying  oxidation  with  parallel  measurement 
of  viscosity. 

1  —  Reaction  vessel,  2  —  air  Inlet,  3  ”  outlet  for  oxidation  products,  ^  — 
buret,  5  “  mercury  manometer,  6  —  oil  manometer,  7/  9  “  stojKrocks,  8,  8*  — 
microstopcocks,  10  —  compensating  chamber. 


\ 


The  appanituB  is  a  closed  system,  la  which  the  gas  filling  the  system  Is 
circulated  by  means  of  a  pump.  The  gas  buret  and  manometer  enable  us 

to  follow  the  course  of  oxidation.  The  amount  of  substance  under  test  used  was 
I  ml.  It  was  stirred  by  bubbling,  the  tube  that  supplied  the  gas  having  a 
spherical  bulb  and  serving  also  as  a  viscosimeter. 

The  volatile  oxidation  products  were  collected  In  a  system  of  absorbers, 
consisting  of  a  vessel  containing  concentrated  H2SO4,  a  U-shaped  tube  filled, 
with  solid  KOH,  a  vessel  containing  a  saturated  solution  of  CaCls,  and  smother 
vessel  containing  H2S04.  The  rate  of  gas  circulated  was  regulated  by  means  of 
the  two  microstopcocks  8  and  8*.  The  rate  was  checked  by  counting  the  bubbles 
In  the  CaCls  vessel,  the  rate  being  about  2  liters  per  hour  In  our  tests. 

After  a  weighed  sample  of  the  substance  under  test  had  been  placed  In  the 
reaction  vessel,  the  apparatus  was  evacxiated  and  kept  In  that  state  for  some 
time  to  check  Its  airtightness.  Then  the  apparatus  was  filled  with  oxygen,  an 
oxygen-nitrogen  mixture,  or  nitrogen,  depending  upon  the  objective  of  the 
experiment.  Before  the  gases  entered  the  apparatus,  they  were  desiccated  with 
solid  alkali  and  sulfuric  acid.  The  nitrogen,  taken  from  a  cylinder,  was  freed 
of  any  traces  of  oxygen  by  passing  it  through  an  alkaline  solution  of  pyrogallol 
and  then  through  a  tube  filled  with  Incandescent  copper.  When  experiments  were 
to  be  r\m  In  an  atmosphere  of  pure  nitrogen,  the  air  was  eliminated  from  the 
dead  space  behind  stopcock  7,  which  cannot  be  evacuated.  This  was  done  by 
passing  a  thin  rubber  tube  Into  the  open  end  of  the  manometer  6,  opening  stopcock 
7,  and  passing  a  current  of  nitrogen  through  the  tube  for  10- 15  minutes. 

The  tests  were  run  at  100*,  which,  together  with  the  small  quantity  of  substance 
tested,  enabled  us  to  speed  up  the  oxidation  of  the  oils,  which  is  slow  at  room 
temperature.  What  Is  more,  working  at  high  temperature  has  the  advantage  of 
reducing  to  a  minimum  the  effect  upon  viscosity  of  the  physical  association  of 
the  oxygen  polar  compounds  formed  during  oxidation  [ij. 

Thus  the  Increased  viscosity  we  observed  reflected  particle  consolidation 
due  to  purely  chemical  .transformations ,  The  reaction  vessel  was  kept  at  a  constant 
temperature  by  immersing  It  In  a  bath  of  boiling  water. 

The  volume  of  oxygen  absorbed  and  the  viscosity  of  the  test  substance  were 
measured  periodically  during  the  test.  The  viscosity  was  measured  by  the  time 
required  for  outflow  from  the  bubbler-viscosimeter,  (filled  by  opening  stopcock 

7,  closing  stopcocks  8'  and  9,  and  then  lowering  the  auxiliary  compensating  chamber 

10.) 

The  small  quantities  of  test  substance  used  limited  the  size  of  the  viscosi¬ 
meter.  The  time  required  for  the  Initial  substances  to  flow  out  was  about  3  seconds 
The  error  involved  was  negligible,  however,  as  the  viscosity  changed  greatly  as 
oxidation  progressed. 

In  view  of  the  chemical  nature  of  ^siccative*  vegetable  oils.  It  was  found 
advisable  to  make  a  preliminary  study  of  the  oxidation  of  pure  esters  of  fatty 
acids  and  of  the  Increase  in  viscosity  thereby  involved.  To  do  this  we  synthesized 
the  methyl  and  glycol  esters  of  llnoleic  acid.  The  linoleic  acid  was  recovered 
from  sunflower  oil  and  refined  by  recrystallizing  its  bromoderlvatlve  from  gasoline. 

The  methyl  ester  was  prepared  by  debromlnating  tetrabromostearlc  acid  in  a 
solution  of  methanol  acidulated  with  sulfuric  acid  [2]. 
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.  0.38U4  g,8ub8tance:  I.09U6  g  CO2;  0.3952  g  H2O. 

0.3^56  g  substance:  0.97$5  g  CO2;  0,3692.  g  HgO. 

Pound  C  77.72,  77.1^^;  H  11.U2,  II.87.  ^  * 

Ci9H34Q2.  Calc,  C  77.5^>  H  11.56.  . 

Iodine  number:  Found  171.2;  Calc.  172.8;  d|®  »  O.8878. 

The  glycol  ester  of  llbolelc  acid  vas.  prepared  by  the  method  develojai  for 
synthesizing  the  glyceride  [3,4].  The  acid  chloride  prepared  by  reacting  tetra- 
bromostearlc  acid  with  thionyl  chloride  vas  then  reacted  with  glycol.  The 
resultant  bromo  derivative  of  the  glycol  ester  vas  Isolated  by  crystallizhg  it 
from  ether  that  vas  chilled  vith  a  mixture  of  acetone  and  dry  ice,  and  that  it 
vas  debrominated  vith  zinc  dust  in  a  solution  of  absolute  alcohol. 

After  the  glycol  ester  of  llnoleic  acid  had  been  recrystallized  tram  so. 
ether  solution  three  times,  it  vas  a  bright  liquid  at  room  temperature. 

0.33^2  g  substance:  0.9564  g  CQ2;  0.3466  gB^O 

0.3782  g  substance:  I.O706  g  CQ2;  0.3W  gHaO  . 

Pound.'.^t;  C  77.98  77.28;  H  11.52;  11.12. 

C38H8e04.  Calc,  C  77-82;  H  11.26. 

Iodine  number;  172.0,  173.10;  Calc.  173.4;  d|°  *  O.9162. 

To  protect  these  esters  ftrom  oxidation  they  vere  kept  in  special  corrstlners 
made  of  dark  glass,  in  an  atmosphere  of  nitrogen.  Preliminary  tests  had  aavn 
that  prolonged  heating  of  the  esters  to  100*  in  an  atmosphere  of  nitrogen  2ron 
vhich  all  traces  of  oxygen  had  been  removed  caused  no  perceptible  Increase  in 
viscosity. 

The  progress  of  oxidation  and 
of  the  related  increase  in  viscosity  * 

vhen  the  esters  vere  heated  in  a  ^  P 

current  of 'air  is  shovn  in  Fig.  2.  tJi  !  ^ 


12  3 

Fig. 2,  Oxidation  and  increase  of 

viscosity  of  methyl  .linolate 
and  glycol  linolate. 

A  -  Ml  of  O2  per  gram;  B  —  outflov 
time, sec;  C  -  time,  hours,  1  —  glycol 
linolate  J  2  —  methyl  linolate-  •  ®  “ 
Oxidation;  b  —  viscosity. 


9>  e 

r>  4  i 

60  al 
e>  t>\ 
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Fig. 3.  Comparative  oxidation  and  viscosity 
rise  of  methyl  linolate- 
oxygen,  and  in  air  +  benzoy-  peroxide 

A  -  Ml  of  O2  per  g;  B  -  outflov  time  sec;  C 
time,  hours.  Atmospheres:  ^  —  air;  2  —  air  + 
1.73^  benzoyl  peroxide;  ^  ~  oxygen-  a  — 
Oxidation;  b  -  viscosity. 
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The  viscosity  Is  expressed  In  the  outflow  time  required.  In  seconds.  As  we  see 
from  the  graph,  the  oxidation  of  esters  of  llneollc  acid  prepared  synthetically 
does  not  Involve  any  Induction  j>erlod. 

There  Is  but  little  difference  In  the  rate  at  which  oxygen  Is  absorbed  by 
the  methyl  and  glycol  esters.  However,  the  glycol  ester  exhibits  a  faster  rise 
of  viscosity  during  oxidation  than  does  the  methyl  ester,  which  Is  definitely 
related  to  the  higher  valency  of  the  alcohol  radical  in  the  glycol  ester  [s]. 

An  Increase  In  the  oxygen  concentration  greatly  accelerates  the  oxidation 
and  the  increase  in  viscosity,  as  Is  seen  In  Flg.5  The  -process  rate  is  likewise 
fundamentally  affected  by  the  addition  of  small  percentages  of  benzoyl  i>eroxlde, 
which  acts  as  an  Initiator  In  many  valuable  processes.  It  should  be  noted  that 
thoTigh  the  benzoyl  peroxide  accelerates  oxidation  and  the  related  Increase  In 
viscosity.  It  has  no  effect  at  all  upon  the  ratio  of  viscosity  to  the  amount  of 
oxygen  absorbed  (Figs,  h  and  ^). 


Tlg.^.  Viscosity  of  methyl  linolate 
.  as  a  function  of  the  extent  of 
*  oxidation. 

A  —  Outflow  time,  sec;  B  —  Amount  of 
oxygen,*  moles  O2  per  mole  ©ethyl  linol¬ 
ate..  Atmospheres:  1-Air;  2  —  air  + 
benzoyl  perOxide;  oxygen. 


Fig. 5*  Viscosity  of  glycol  linolate 

as  a  function  of  the  extent  of 
oxidation. 

A  "■  Outflow  time,  sec;  B  —  Amount  of 
oxygen,  moles  Q2  per  mole  glycol  lino- 
late.  1  —  Pure  glycol  linolate  ;  2  — 
glycol  linolate  benzoyl  peroxide, 


We  may  therefore  assume  that  benzoyl  peroxide  does  not  change  the  processes 
Involved  In  oxidation  and  that,  therefore,  the  peroxide  mechanism  (as  stated  In 
Bach's  theory)  may  be  employed  not  only  In  oxidizing  unsaturated  esters,  but  also 
In  their  condensation,  which  Is  manifested  by  an  Increase  In  viscosity,  usually 
called  polymerization. 

The  curves  In  Fig.  4  exhibit  still  another  feature,  dealing  with  the  variation 
of  viscosity  with  oxidation.  Increasing  the  oxygen  concentration  speeds  up 
oxidation  and  the  rise  in  viscosity,  but  It  also  affects  the  ratio  of  viscosity  to 
the  degree  of  oxidation,  causing  less  viscous  products  to  be  formed. 

SUMMARY 

1.  A  method  has  been  developed  for  Investigating  the  Increase  of  viscosity 
of  unsaturated  esters  as  directly  affected  by  oxidation. 

2.  A  study  has  been  made  of  the  oxidation  and  the  related  Increase  In  vlscosit 
of  the  methyl  and  glycol  esters  of  linolelc  acid. 


3.  Adding  benzo/l  peroxide  accelerates  the  oxldatloo  of  the  esters,  hut 
does  not  affect  the  relationship  of  viscosity  to  the  extent  of  their  oxidation. 

k.  Increasing  the  concentration  of  oxygen  causes  the  relationship  of 
viscosity  to  the  extent  of  oxidation  to  change,  resulting  In  a  decrease  dn  the 
vlscosl^  of  the  end  products* 
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lgmerikg  the  hydrocsh  overvoltage  I 

II.  A.  Loshkarer  and  A.  M.  Czeror 

Kaziy  papers  have  been  published  on  the  possibility  of  changing  the  velocity 
constant  of  hydrogen  discharge  and,  hence,  the  magnitude  of  its  overvoltage  during 
electrolysis.  The  most  interesting  of  these  papers,  from  the  standpoint  of  appli¬ 
cation,  are  the  researches  on  the  effect  of  the  material  and  structure  of  the 
electrode  surface  upon. the  kinetics  of  the  electrode  process.  Stender  and  Pecher¬ 
skaya  [^],  for  example,  investigated  the  evolution  of  hydrogen  at  industrial  cur¬ 
rent  densities  of  several  metals  and  alloys  and  established  the  possibility  of 
reducing  the  overvoltage  greatly  by  the  use  of  volfram  and  volfram-nlckel  cathodes. 
Other  authors  have  likewise  commented  on  the  positive  results  to  be  obtained  by 
the  use  of  alloys.  Kabanov  and  Rozentsvelg  [^]  found  that  the  hydrogen  overvoH 
depended  upon  the  amount  of  oxygen  bound  at  the  suirfaces  of  iron  electrodes. 
Finally,  the  researches  on  hydrogen  overvoltage  at  metallic  electrodes  with  a 
greatly  expanded  surface  (metallized  ceramics  and  metal  powders)  performed  by 
Kuzmin  [®1  (iron),  Murtazayev  (*)  (cobalt),  and  Maitak  (*)  (copper)  indicate 
the  possibilities  of  lowering  the  overvoltage  by  employing  highly  disperse  mat¬ 
erials  as  the  cathodes. 


It  seems  to  us  that  research  along  the  lines  of 
selecting  a  cathode  material  by  means  of  a  systematic 
study  of  the  hydrogen  overvoltage  at  disperse  elec-  . 
trodes  of  various  metals  and  alloys,  prepared  in 
various  ways,  ought  to  be  of  the  greatest  practical 
Interest. 

In  oiir  previous  papers  [a]  we  succeeded  in  de¬ 
fining  the  basic  conditions  governing  the  electro¬ 
lytic  preparation  of  highly  disperse  single  and 
multi-component  cathodic  deposits  of  metals.  These 
papers  had  as  their  objective  the  establishing  of 
an  industrial  method  of  prepsirlng  powder  metals 
and  alloys  for  metallized  ceramics,  catalysts,  and 
cementing  materials  in  hydroelectrometallurgy. 

The  high  purity,  dispersion,  and  chemical  ac¬ 
tivity  of  the  resultant  products  enabled  us  to  as¬ 
sume  that  using  them  as  a  cathode  material  might 
result  in  a  sharp  increase  in  the  rate  of  hydrogen 
evolution.  Moreover,  the  method  we  have  recommended 
for  the  electrolytic  deposition  of  thin  layers  of 
disperse  metals  and  alloys  upon  dense  electrodes 
can  be  readily  employed  in  present-day  apparatus, 
thus  Involving  no  large  expenditures.  In  this 
connection  we  have  explored  the  kinetics  of 
hydrogen  evolution  at  elec troy It ically  prepared 
disperse  deposltls  of  Ag,  Pt,  Cu,  Bl,  Sn,  Nl, 
and  Fe . 


Fig.  1.  Apparatus 
for  determining  polar- 
Ization. 

1  —  hydraulic  seal; 

2  —  ground-glass  fit; 

3  -  contact  tips; 
a  —  cathode; 

5  —  anode. 
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EXFERIMEirEAL 

Experimental  method.  The  tested  deposits  were  prepared  hy  depositing 
the  metals  elec trolyt lea lly  upon  a  Pt.  electrode.  The  composition  of  the 
electrolytes  and  the  C.D.  are  given  In  Table  1.  In  preparing  disperse  de¬ 
posits  on  a  platinum  electrode,  we  began  by  depositing  a  layer  of  dense 
metal  and  then  deposited  a  powder  at  C.D. 's  that  exceeded  the  limiting 
diffusion  C.D.  (Piin^).  The  value  of  Pijjn.  was  first  calculated  from  the 
equation  for  the**max£mum  rate  of  diffusion  of  the  ions  being  discharged, 
and  then  checked  experimentally.  When  depositing  disperse  two-component 
systems,  we  conducted  electrolysis  at  C.D. 's  that  exceeded  the  Pum,  for 
the  deposition  of  the  more  highly  electropositive  metal. 

TABLE  1 


Conditions  Governing  the  Deposition  of  Metals  and  Capacitance 


Deposit 

!  Composition  of  electrolyte 

C.D.,  mllllamp/ 
sq  cm 

:  Capacitance. 
>uF/  sq  cm 

Dense  Cu  ...» 

0.1  H.  CuS04-.+  in  HzSO* 

D-1.5 

55 

Powder  Cu  .... 

ditto 

Di-1.5s  Pa*50 

1180 

Dense  Ag  ..... 

’  0.00^  H.  HaAg(CH)2 

Dl.1.5 

200 

Powder  Ag  .... 

ditto 

Di-l.Sj  82-50 

912 

Dense  HI  ..... 

.  0.1  H.  HlS04  +  2Qgi  (HH4)2S04t 

1  ♦10  g^  HaCl 

Dx*1.5 

50 

Powder  HI  .... 

ditto 

Dx*1.5j  D2*50 

1025 

Dense  Pt  . 

Smooth  commercial  platinum 

— 

— 

Powder  Pt  .... 

*  Electrolyte  platinized  by  the 
Mlslovltser  method 

1) 

1030 

Dense  B1  . 

1  H  (CoH30HCH3S03)3Bi 

Dx*10 

92 

Powder  B1  .... 

ditto 

Dx=2;  D2»150 

910 

Dense  Fe  . 

0.1  H.  FeS04-i-.  20g4(HH4)2S04+ 
♦10  HaCl 

Dx=i^ 

* 

Powder  Fe . 

ditto 

Dx=^;  D2=100 

1200 

Dense  Sn  ..... 

0.2  H.  SnS04+l  H  E2S04^0.3^1 
dlphenylamlne  ♦0.75 
naphthene 

0.2  H.  SnS04+l  H.  H2S04+lg/l 
'gelatin 

Dx»10 

35 

Powder  Sn  .... 

Dx=10;  D2=100 

577 

Powder  Fe  +  HI 

(0.1  R.  FeS04+0.02  H  R1S04;+ 
♦20  g/l  (NH4;2S04+10glRaCl 

Dx=U;  D2=100 

1320 

Powder  Cu  -f  Ag 

(0.1  H.  CuS04+').02  N.  Ag2S04)+ 

1  H.  H2S04 

Dx=l;  p2=20 

1250 

Powder  Fe  Cu 

(0.1  H.  FeS04+0.02  H  CuS04)+ 

♦  20  gA  (NH4)pS04+10g/lNaCl 

Di=1.5>  D2=10 

1100 

Powder  Sn  Cu 

(0.2  H.  SnS04+0.2  RCUSO4)  IN 
H2S04 

Dx=10;  D2=50 

950 

The  amount  of  powder  deposited  was  the  same  In  every  case.  The  time 
required  for  electrolytic  deposition  was  determined  from  the  equation: 

Ah 

D  =  Q  — 3,  which  equaled  0,CX)8  —  0.01. 

—  cm^ _ * 

Current  was  passed  through  from  a  U-volt  storage  battery  for  5  minutes. 
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Measurements  were  made  In  the  electrolyzer  illustrated  In  Fig.  1,  which 
consisted  of  a^glass  vessel  with  two  Pt  anodes  and  a  Pt  cathode  electrolytically 
coated,  with  an  S  a  3  sq  cm.  The  hydrogen  evolution  potential  was  measured  in 
a  1  H  solution  of  H2S0«  or  in  22^  KOH  (chemically  pure).  Contact  tips  touched 
both  sides  of  the  cathode,  pressing  rather  tightly  against  the  metal  layer. 

-The  contact  tips  were  connected  via  intermediate  vessels  to  a  reference  calonel 
electrode  that  served  as  a  comparison  electrode. 

'The'  potential  (Ej^)  was  measured  by  the  direct  compensation  method,  using 
a  Raps  type  potentiometer  made  by  the  Etalon  factory.  The  electrolyzer  was 
Immersed  in  a  thermostat ,  the  temperature  of  which  was  kept  at  30  ±  0.5*  C  by 
means  of  an  electric  relay.  * 

Electrolytic  hydrogen  was  supplied  to  the  electrolyzer  from  below.  A 
uniform  hydrogen  atmosphere  was  maintained  within  the  apparatus  by  connecting 
the  latter  to  the  outside  air  through  a  hydraulic  seal.  The  overvoltage  was 
measured  at  a  fixed  stirrer  rpm.  The  rpm  of  the  latter  was  checked  againct 
the  readings  of  a  voltmeter  connected  across  the  motor  terminals. 

The  overvoltage  meastirements  were  paralleled  by  measurements  of  the 
cathode's  capacitance,  which  was  proportional  to  its  true  surface.  The  cap¬ 
acitance  was  measured  with  0. 6-0.0  volt  polarization  of  the  electrode.  The 
method  of,  capacitance  measurement  has  been  described  before. 
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-di  -a 

Fig.  2.  Ez  evolution  potentials  at 
Smooth  and  disperse  metals  in  1  H 
H2SO4  and  225t  KOH  (Fe).  A  -  D, 
milllamps  per  sq  cm;  abscissas: 
Metals:  1  -  Pt^;  2  -  Hi  ;  3  “  Ag^; 

^  -  Cr-  Agn;  5  “  Cuq;  6  -  Ptg; 

7  "■  CU2;  8  “  Ags;  9  ""  HlzJ 

10  -  Sn^  +  Cuq;  11  -  Snn;  12  —  BIq; 
13  -  BI2;  14  -  Sn2;  15  -  Fen; 

16  -  Fen  +  Cun;  17  “  Fen  NinJ 
18  -  Fe2- 


m  cka  sffi.  ioff  i2^im  c 

Fig.  3.  E  as  afunctioi  of  log  I  in  the 
evolution”of  H2.  The  value  of 
is  given  for  the  deposition  of  H2  from 
1  H  H2SO4  (0.29  volt  referred  to  a 
calomel  electrode).  B  —  I,  milllamps; 

A  -  E,  millivolts;  C  -log  I;  D  -  E^qu: 
Metals;  1  —  Fe  +  Cu>  2  -  Fe;  3  ”  Bi; 

4  -  Bi;  5  -  Sn  +  Cu;  6  -  Ag;  7  -  Cu; 

8  —  Cu;  9  ”  Ag;  10  —  Pt;  11  —  51. 


TABU  2 


Bydrogen  Evolution  Potential#  at  Dense  and  Disperse  Metals 


^  *  I  Electrolyte;  Hi  sulfuric  acid 

p,  mllllamps  !  _  Cu  }  Ag 


per  sq  cm 

Smooth 
•  200  jF 

Powder  ; 

1180 uF  ! 

Smooth 

200  a7 

Powder 

912 

{  Smooth 
^  50  xF 

Powder 
1025  UP 

•.0.25 

0.350 

-  1 

! 

0.342 

0.232 

j  0.313 

:  0.377 

0.50 

0.479 

0.1*53  i 

0.523 

'  0.380 

!  0.356 

f 

0.378  , 

1.00 

.  0.545 

0.1*90  1 

0.558 

0.406 

;  0.410 

1  1 

j  0.379 

*  2.00 

0.590 

j  0.531 

0.580 

0.433 

0.473 

i  0.381 

1^.00 

0.643  j 

0.565  ! 

0.621 

0.448 

0.526 

0.389 

6.00 

0.667 

1  0.583 

0.639 

0.459 

.  0.562 

0.397 

8.00 

0.682 

j 

1  0.585 

0.657 

0.466 

0.583 

0.413 

10.0 

0.691 

j  0.590 

0.676 

0.470 

.  0.600 

0.4l8 

12.0 

0.701 

1  0.596 

0.682 

’  0.474 

0.623 

0.428 

lU.O 

0.711 

1 

i  0.601 
• 

0.690 

0.478 

0.640 

0.439 

16.0 

0.723 

1  0.610 

0.706 

0.481 

- 

0.447 

18.0 

0.733 

0.614  ! 

f  ? 

0.730 

0.484 

0.649 

0.451 

20.0 

0.743 

;  0.620  J 

0.758 

0.486 

0.670 

0.456 

22.0 

0.753 

j  0.624 

0.780 

0.489 

0.686 

0.461 

2V.0 

.  0.770 

i  0.628 

0.800 

0.490 

0.700 

0.466 

26.0 

0.780 

]  0.632  : 

0.820 

0.492 

0.715 

0.469 

28.0 

0.780 

■  0.634 

0.825 

0,493 

0.720 

0.471 

30.0  . 

0.805 

•  0.636 

0.831 

0.495 

*  0.743 

0.475 

li-O.O 

0.850  . 

=  0,647 

0,855 

•0.505 

*  0.784 

0.487  * 

50.0 

0.870 

:  0.665 

0.870 

0.520 

0.817 

0.496 

60.0 

0.860 

0.662  ' 

0.889 

0.532 

0.847 

0.504 

.70:0 

0.880 

0.670 

0.903 

0.532 

0.870 

0.510 

80.0 

!  0.880 

0.672 

0.926 

0.535 

0.922 

0.511 

90.0 

j  0.890 

0.675 

0.938 

■  0.541 

0.948 

0.516 

100 

'  0.900 

;  0.679  ' 

0.950 

.  0.544 

0.974 

0.522 

In  this  table,  as  In 

Table  3»  the 

values  of  E  are  given  ref'^rred  to  the 

potential  of  the  reference  calomel  electrode,  taken  as  zero  (E  =  +0.28). 
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Syxlrogea  Evolution  Potentials  at  Dense  and  Disperse  Metals' 


TABUS  3 

Bydrogen  Evolution  Potentials  at  Disperse  Tvo*Cooponent  Hetalllc  Deposits. 
Electrolyte:  IB  HsSC^  and  22fS  KOH.  Temperature:  30* 


D,  miUiao^s 
per  sq  cm 

I  mA 

B 

Electrolyte: 

IB  H^SOa 

1250  J.F 

0 

V 

1100  ..F 

1320  .F' 

0.25 

0.510 

1.204 

1.214 

0.75 

-0.125 

0.50 

0.530 

1.276 

1.246 

1.50 

♦0.176 

1.00 

0.333 

0.724 

.  1.300 

1.287 

3.00 

0.477 

2.00 

0.378 

0.780 

1.320 

1.310 

6.00 

0.778 

4.00 

0.402 

0.817 

1.343 

1.332 

12.0 

1.079 

6.00 

0.414 

0.834 

1.360 

1.344 

18.0 

1.255 

8.00 

0.423 

0.843 

1.574 

1.355 

24.0 

1.380 

10.00 

0.431 

0.852 

1.383 

1.362 

30.0 

1.477 

12.0 

o.kyr 

0.358 

1.393 

1.369 

36.0 

1.556 

14.0 

0.442 

0.865 

1.400 

1.375 

42.0 

1.623 

16.0 

0.448 

0.872 

1.405 

1.380 

48.0 

1.681 

18.0 

0.452 

0.876 

1.410 

1.385 

54.0 

1.732 

20.0 

0.i»57 

0.880 

1.416 

1.390 

60.0 

1.778 

22.0 

0.461 

0.884 

1.420 

1.394 

66.0 

1.819 

24.0 

0.467 

0.888 

1.425 

1.397 

72.0 

1.857 

26.0 

0.471 

0.892 

1.429 

1.401 

78.0 

1.892 

28.0 

0.478 

0.8^ 

1.433 

1.406 

84.0 

1.924 

30.0 

0.486 

0.896 

1.436 

.  1.410 

90.0 

1.95'* 

40.0 

0.506 

0.905 

l.<t55 

1.424 

120.0 

2.079 

50.0 

0.521 

0.913 

1.470 

1.436 

150.0 

2.176 

60.0 

0.535 

0.920. 

1.480 

1.447 

180.0 

2.255 

70.0 

0.545 

0.928 

1.489 

1.457 

210.0 

2.322 

80.0 

0.550 

0.937 

1.496 

1.466 

240.0 

2.380 

90.0 

0.555 

0.944 

1.503 

1.473 

270.0 

2.431 

100.0 

0.560 

0.950 

1.508 

1.480 

300.0 

2.477 

The  results  of  our  investigations  of  the  hydrogen  evolution  potentials  in 
IB  H2S04  and  22^  KOH  at  the  following  dense  metals:  Pt,  Bl,  Bi,  Ag,  Sn,  Cu,  and 
Fe  and  their  disperse  deposits  and  alloys  are  shown  in  Tables  2  and  3  Figs. 

2  and  3»  In  every  case  the  potentials  given  are  referred  to  that  of  a  reference 
calomel  electrode.  To  convert  them  Into  the  hydrogen  scale  0.28  volt  should  be 
deducted  from  the  tabular  values. 

Inspection  of  the  tabular  data  shows  that  the  hydrogen  evolution  potential 
at  disperse  metals  emd  their  alloys  Is  always  lower  than  at  dense  metals  and 
alloys.  The  figures  below,  taken  from  Table  2,  for  example,  indicate  that  the 
difference  between  the  evolution  of  hydrogen  at  dense  and  disperse  silver  at 
D  =  100  mllllamps/  sq  cm  is  k06  millivolts,  while  It  Is  452  millivolts  for 
nickel,  etc. 


Electrode  material:  Pt  Pe  Cu  Ag  HI  B1 


0.552  0.405  0.221  0.406  0.452  0.100  0.270 
35  4.5  20  10  16 

Of  exceptional  Interest  Is  the’  fact  that  the  decrease  la  polarization  vhen 
disperse  deposits  are  employed  Is  always  much  greater  than  would  he  due  to  a 
decrease  In  the  C.D.  alone.  For,  let  us  assume  that  the  -nu'latlon  of  37  vlth  D 
Is  governed  hy  the  equation:  “ 

^  *  4  ♦  0.116  log  p. 

In  accordance  vlth  the  theory  of  slow  dlscheurge. 

Then  for  the  nickel  cathode,  say,  the  difference  between  the  Ha  overvol¬ 
tages  at  the  disperse  and  dense  electrodes  should  be: 

,  -  —  *  0.116  log  20 

•»;  dense  ^dlsp.  cw 

whereas  the  actual  difference  r dense  “*  <.dl£p.  *  0.452  volt,  or  about  three  times 
as  great.  ‘  * 

A  similar  state  of  affairs  prevails  vlth  Ag,  Pt,  Sn,  and  the  other  metals. 
Hence,  th3r  transition  from  dense  to  disperse  cathodes  results  In  a  decrease  in 
the  oveinroltage  largely  because  of  the  Increase  in  the  velocity  constant  of 
discharge  In  many  Instances,  as  well  as  because  of  the  increase  In  the  actxial 
area  of  the  electrodes.  This  agrees  with  the  Increased  chemical  aictlvlty  of 
various  electrolytic  powders  In  purely  chemical  reactions. 

When  the  disperse  deposit  Includes  a  certain  percentage  of  a  more  highly 
electropositive  metal  (a  two-component  system),  the  decrease  In  the  overvol¬ 
tage  Is  greater  still.  For  Instance,  the  decrease  In  the  potential  of  hydro¬ 
gen  evolution  as  we  shift  from  dense  copper  to  disperse  copper  Is  given  by: 

®dense  Cu  "*  ®powd.  Cu  ®  900  —  679  *  221  mVj 
while  when  disperse  Ag  Is  Included  In  the  disperse  deposit.  It  is: 

®dense  Cu  ”  ®powd.  Cu+Ag  * 


p 

cm 


■  ICX)  mllllamps  per  sq 


Increase  In  area  (Pdigp.: 
.§den8e.^ . . 


These  potentials  lie  on  straight  lines  when  E  vs .  log  I  Is  plotted  In  logar 
Ithmlc  coordinates,  the  value  of  the  coefficient  b  In  the  Tafel  equation 
( T  =  a  —  b  leg  D)  approaching  the  values  given  by  Pecherskaya  and  Stender  for 
several  smootn”metals,  averaging  0.10-0.12.  The  values  of  the  coefficient  b 
were  found  to  be  somewhat  higher  for  smooth  (dense)  51,  Fe,  and  Cu  (Table  47. 

The  value  of  the  coefficient  b  Is  less  than  0.10  for  most  of  the  disperse 
metals,  which  agrees  with  the  findings  of  various  authors,  who  held  that  over¬ 
voltage  may  also  be  largely  due.  In  addition  to  the  slow  discharge,  to  other 
“stages"  of  the  evolution  of  hydrogen,  especially  the  slowing-down  of  the  re¬ 
combination  of  hydrogen  atoms  Into  molecules. 
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TABI£  h 

V&l\ie  of  the  Coefficient  b  for  Hydrogen  Overvoltage 
at  Disperse  Electrolytic  Deposits 


Electrode 

Material 

Coefficient  t 

Electrode  Material 

Coefficient  b 

Disperse 

fPt 

Fe 
^Ag 
•  Bl 

1  Soi 
[,Cu 

0.015 

1  0.087 

0.060 

0.096 

0.091  1 

0.150 

•  1 

'Fe-KJu 

Fe^-Hl 

Disperse 

Sn4Ca 

1 

i 

O.IU 

0.075 
!  0.082 

0.0945 

t 

The  experimental  data  set  forth  above  Indicate  that  the  employment  of 
electrolytic  coatings  of  disperse  metals  and  their  alloys  on  cathodes  opens 
prospects  of  a  considerable  decrease  In  the  cathode  potential  (0.4  volt  and 
more  In  some  Instarces)  In  Industrial  processes,  such  as  the  electrolytic  pro¬ 
duction  of  chlorine,  the  electrolysis  of  water,  and  the  like,  which  will 
reduce  the  consumption  of  electi-ic  energy  considerably,  thus  lowering  the 
cost  of  the  process. 

SUMMARY 

1.  A  study  has  been  made  of  the  hydrogen  overvoltage  In  IN  H2SO4  and  225^ 
KOH  at  dense  and  disperse  electrolytic  deposits  of  Pt,  Ag,  Cu,  Bi,  Sn,  Nl,  and 
Fe,  and  In  the  foll^owing  two-component  systems:  Cu  -  Ag;  Sn  —  Cu;  Fe  —  Cu; 
and  Fe  —  HI. 

2.  It  has  been  shown  that  It  Is  possible  to  lower  the  overvoltage  by  more 

than  0,4  volt  by  employing  certain  electrolytlcally  prepared  powder  electrodes. 

-  • 

3.  It  has  been  found  that  the  lowering  of  the  overvoltage  Is  due  not  only 
•to  the  decrease  In  the  actual  C.D.  caused  by  the  rise  In  the  actual  area  of  the 

cathode,  but  largely  as  the  result  of  an  Increase  In  the  velocity  constant  of 
the  discharge  of  hydrogen  Ions. 
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THE  FORMATION  OF  HYDRATES  DURING  THE  ELECTROLYSIS  OF  NICKEL 


Institute  of  the  Nickel,  Cohalt,  and  Tin  Industry 


In  our  preceding  papers  ve  Investigated  the  conditions  at  vhlch 

colloid  hydrates  of  nickel,  copper,  and  iron  begin  to  form  In  the  electrolyte 
used  for  the  electrolytic  refining  of  nickel. 

The  present  paper  Is  a  report  on  the  results  of  experiments  testing  the 
effect  of  the  salt  anion  and  of  the  nature  of  the  buffer  additives  upon  the 
pH  at  vhlch  nickel  hydrates  begin  to  form,  together  with  a  discussion  of  all 
the  experimental  data. 

The  experimental  method  was  the  same  as  that  described  In  the  first 
report.  The  experimental  data  are  reproduced  In  Figs.  1,  2,  and  3  In  Tables 
1  and  2.  The  point  at  vhlch  the  hydrates  begin  to  form  Is  marked  on  the  tltra* 
tlon  curves  by  an  arrov.  The  data  for  sulfate  solutions  have  been  taken  from 
the  first  report. 


4 


'  1  .At*-  sSrid 


The  rirot  line  of  Table  1  lists 


I _ I _ I _ ,1  I - i 

0  4  ^  56 

Fig.  3.  Potentlometrlc  titration 
curves  of  a  nickel  electrolyte  to 
vhlch  (NH4)2S04  has  been  added  as 
a  buffer,  t  -  50*. 

A  —  Emf,  millivolts;  B  —  ml  of  HaOH. 
Electrolyte;  HI  (as  the  sulfate)  — 

38  grams/llter;  HaCl  —  5  grams/llter; 
Ha2S04  —  kO  grams/liter;  (NH4)2S04: 
1—10  graas/llter;  2—20  grams/ 
liter;  ^  —  40  grams/ilter. 

as  does  boric  acid,  vhereas  the  action 
chloride  and  nitrate  media. 


^  the  pH  at  which  hydrates  begin  to  fora 
In  pure  solutions  of  nickel  sulfate, 

■  chloride,  and  nitrate.  We  see  from 
these  figures  that  the  pH  at  which  hy¬ 
drates  fora  Is  practically  the  same  In 
the  nitrate  and  chloride,  while  colloid 
hydrates  begin  to  fora  In  the  sulfate 
when  the  medium  Is  somewhat  more  alka¬ 
line.  This  difference  Is  apparently 
•due  to  the  loirer  activity  of  the  nickel 
Ions  In  a  sulfate  solution.  The  differ¬ 
ence  In  the  pH  at  which  nickel  hydrates 
begin  to  form  between  the  sulfate  and 
chloride  solutions  Is  0.4,  which  agrees 
quantitatively  with  the  figures  cited 
In  our  first  report  (^J. 

Ve  see  trom  Table  1  that  adding 
boric  acid  to  pure  salt  solutions  de¬ 
creases  the  pH  at  which  nickel  sulfate 
hydrates  begin  to  form  by  1.0,  the  pH 
for  the  nickel  chloride  and  nitrate 
diminishing  correspondingly  by  1.5i  In 
a  sulfate  medium,  ammonium  sulfate 
diminishes  the  pH  nearly  twice  as  much 
of  the  two  buffers  Is  Identical  In  the 


The  solutions  of  NlHOa  +  KH4Ci  and  HINO3  +  NH4NO3  are  remarkable  In,  that  we 
were  able  to  find  neither  a  point  of  Inflection  in  the  potentlometrlc  curves  that 
would  correspond  to  the  appearance  of  the  solid  phase  nor  a  diffusion  section. 


The  effect  of  the  concentration  of  ammonium  sulfate  upon  the  pH  at  the  In¬ 
stant  the  nickel  hydrates  begin  to  form  Is  shown  In  Table  2. 


TABIZ  1 


TABLE  2 


Effect  of  the  Addition  of  Buffers  Upon 
the  pH  at  which  Nickel  Hydrates  Begin 
to  Form  at  5O*  Solutions  Containing 


38  Grams  of  Nickel  per  Liter 


Buffer  (0.16 
mole/liter) 

pH  at  which  nickel  hy¬ 
drates  begin  to  form 
in  various  solutions 

RISO4 

NiCl? 

Ni(N0r,)5» 

Hone 

5.3 

4.8 

H3BO3 

i^.3 

3.*^ 

3.3 

(NH4)2S04 

3.5 

3.5 

3.3 

HH4CI  1  -  ! 

1  3.3 

1  p 

HH4fiQ3  1 

1  -  . 

— 

I  f 

Effect  of  the  Concentration  of 
Ammonlxus  Sulfate  Upon  the  pH  at 
which  Nickel  Hydrates  Begin  to  Form 


(NH4)2S04  con¬ 
centration, 
grams/liter 


pH  at  which  hy¬ 
drates  begin  to 
_  form 


0  5.2 

10  I  3.9 

20  I  3.6 

>*0  i  3.J1 
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The  data  of  Table  2  are  reproduced  graphically  by  Curve  1  In  Fig,  k.  The 
same  graph  shows  In  Curve  2,  for  the  sake  of  comparison,  the  pH  at  which  hy¬ 
drates  begin  to  fora  In  solutions  buffered  with  boric  acid  [^].  Comparison  of 
the  two  curves  clearly  Indicates  that  ammonium  sulfate  lowers  the  pH  much  faster 
than  the  boric  acid  does.  These  findings  are  of  slgnlflcemce  In  learning  the 
mechanism  Involved  In  the  formation  of  harder  nickel  deposits  when  ammonlimi 
sulfate  Is  present. 

Since,  hydrates  begin  to  form  at  lower  values  of  pH  In  solutions  to  which 


ammonium  sulfate  has  been  added  than  In 
obvious  that  more  hydrates  will  be 
formed  during  electrolysis  In  the 
former  case  and  the  deposits  will  be 
harder  than  In  the  second  case. 


Fig.  If.  Effect  of  the  concentration 
of  ammonliim  sulfate  and  of  boric 
acid  upon  the  pH  at  which  nickel  hy¬ 
drates  begin  to  form  at  50*- 

A  —  pH  at  the  onset  of  hydrate  for¬ 
mation;  B  —  concentration  of  buffers, 
moles/liter.  1  —  Ammonium  sulfate 
added;  2  —  boric  acid  added. 


solutions  containing  boric  acid,  it  is 


curves  of  dilute  solutions  of  nickel 
sulfate  at  ^0*,  using  a  glass  elec¬ 
trode. 

A  —  Emf,  millivolts;  B  —  ml  of  NaOH. 
HI  content,  grams/liter:  1  —  0.05; 

2  -  0.1;  ^  -  0.5;  k  -  1.5;  5-5- 


Our  experimental  data  enable  us  to  reach  certain  conclusions  regarding 
the  composition  of  the  solid  phase. 

In  essence.  If  we  assume  that  the  solid  phase  begins  to  form  when  a  solu¬ 
bility  product  of  the  following  type; 

Is  attained,  1 .e. ,  the  solid  phase  Is  a  pure  hydrate  rather  than  a  basic  salt, 
at  least  at  the  instant  of  its  formation,  the  magnitude  of  the  solubility  pro¬ 
duct  should  not  change  as  the  concentration  of  nickel  sulfate  Is  varied. 

Supplementary  titration  tests  of  dilute  solutions  of  nickel  sulfate  were 
run  to  get  a  clearer  Idea  of  this  behavior  pattern,  the  results  being  plotted 
in  Fig.  5*  The  concrete  computations  of  Lp  from  the  activity  coefficients  will 
hardly  be  accurate  enough,  for  the  latter  coefficients  are  known  only  up  to  25  . 

A  comparison  of  the  activity  coefficients  at  25*  [^1  and  at  a  temperature  close 
to  the  freezing  point  of  the  solutions  [*]  indicates,  to  be  sure,  that  they  change 
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Tcry  little  with  temperature*  Kie  result*  of  our  calculations  oT  Ip  Aroa 
all  our  experimental  data  are  listed  In  Table  3* 

xmz3 

Data  for  the  Confutation  of  the  Solubility  Product  From  Experlstental  Findings 


Hickel  con- 
centratlon 
Grams/]  Moles; 
liter  :  liter 


{rM“h  h  •  Computation  of  Ln  fSrom  ^ - ^ - - — 

r^?it-Sa”^*the  activity  coefficients  apparent  degree  of  dissociation 

begin  to  ^  lc«ajj^  Ip-10^®  pi  ^  _  Vr  Ija, .1  t_..io15 


Computation  of  Ln  Arom  the 


0.05 

0.10 

0.5 

1.5 

5.0 

10 

21 


.•  0.0009^ 
•  0.0017! 
0.0085- 
.  0.0256 J 
0.0884: 
.  0.170  i 
.  0.362  ! 
0.430  : 
0.605  ! 
0.614  j 

0.665  • 
0.675 
0.695 
0.869 

.  1.040 


0.60 

0.70 

0.48 

0.32 

0.18 

0.14 

0.094 

0.084 

0.068 

0.066 

0.063 

0.062 

0.061 

0.054 

0.051 


I  5-857 

I  5.076! 

2-613! 
2.914 1 
2.20  ' 
1.377; 
2.532 
2.558 
2.613 
2.608 
2.621 
2.621 
1.625 
:  2.671. 
2.724, 


3.58 

3.73 

2.03 

1.02 

0.76 

0.30 

0.11 

0.07 

0.05 

0.05 

0.05 

0.05 

0.05 

0.04 

0.026 


\v  at 
50* 

Lp-10»® 

158 

0.84 

5.903 

3.*^6 

151 

0.80 

3.114 

4.28 

in  • 

0.58 

5.778 

3-14 

i  92 

0.49 

2.097 

1.55 

:  71 

0.38 

2.524 

1.60 

:  64 

O.Jfc 

2.762 

0.72 

'  55 

0.29 

1.025 

0.33 

.  53 

0.28 

I.lOO 

0.24 

51 

0.27 

1-215 

0.20 

1.215 

1.248 

1.248 

1-255 

1.3&^ 

1.406 


As  ve  see  in  the  table,  the  values  of  Ip  do  not  remain  constant,  falling 
steadily  by  a  factor  of  137  as  the  nickel  concentration  rises  from  O.O5  to 
61  grams  per  liter.  Ve  therefore  also  computed  Lp  from  the  values  of  the  ap> 
parent  degree  of  dissociation  of  the  nickel  sulfate. 

In  this  calculation  ve  used  the  following  values  of  the  required  vari¬ 
ables;  Kyso*  »  5-6*  10  ■51ni.».+  *  ^5  -  HI  *  0-024;  risO^Yis*)  * 

<^S0^  *  0.0227.  *  188,  the  values  ^Vso*  taken  from  tables  [®] 

(extrapolated  in  part). 

Nor  does  the  solubility  product  remain  constant  vhen  this  method  of  com¬ 
putation  is  used  (falling  by  a  factor  of  29)- 

If  the  pH  at  the  onset  of  hydrate  formation  is  plotted  against  the  loga¬ 
rithm  of  the  ion  activity,  the  expanded  equation  (1): 

pH  =  -  I  log  I  log  Ip  -  log  Kv  (2) 

ou^t  to  yield  a  straight  line  with  the  following  slopes 

dpH  1 

"  d  log  *  2-  ^5) 
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The  variation  of  the  pH  at  which  the  formation  of  hydrates  sets  In  Is 
plotted  In  Fig.  6  as  a  function  of  the  logarithm  of  the  activity  or  the  con¬ 
centration  of  nickel  Ions,  The  value  of  slope  called  for  by  theory  Is  ob¬ 
tained  only  In  the  limiting  case  of  ti¬ 
tration  of  highly  dilute  solutions.  ^ 

The  slope  Is  found  to  exceed  the  theor-  / 

etlcal  value  when  concentrated  solutions  wF 
are  titrated,  L-- 


lo^ASt 


s' — I  jT 

Fig.  6.  Checking  the  correctness 
of  Equation  (2)  against  the  data 
on  the  formation  of  nickel  hy¬ 
drates  . 

A  —  pH  at  which  hydrates  begin 
to  form;  B  —  logarithm  of  ac¬ 
tivity  (concentration). 

1  -  pH  log  aHi++;  2  -  pH  - 
log 


Fig.  7*  Checking  the  correctness  of  Equa< 
tlon  (U)  against  the  data  on  the  forma¬ 
tion  cf  hydrates  cf  copper  and  di-  and 
trlvalent  iron  in  a  nickel  electrolyte. 

A  -  ph  at  which  hydrates  begin  to  form 
(for  divalent  metals);  B—  the  same  for 
trlvalent  metals,  l)  Fe'*'*''  with  H3BO3, 
added;  2)  Fe++  without  HaBOa;  3)  Fe+++. 

4)  Cu"*^*. 


A  different  relationship  prevails  when  the  impurities  In  the  nickel  solu¬ 
tion  form  hydrates.  Applying  the  well-known  rule  that  an  electrolyte  behaves 
like  an  ideal  substance  in  the  presence  of  a  large  (and  constant)  excess  of 
another  electrolyte,  we  can  rewrite  Equation  (2)  for  the  pH  at  the  Instant  * 
when  hydrates  of  the  Impurities  begin  to  form  as  follows: 

pH  ”  “  ^  ^impurity  ^  ^  “*  ^^8  (^) 

where  m  is  the  valency  of  the  cations.  We  then  should  get  straight  lines  with 
the  slope  of  l/2  for  ferrous  salts  and  cuprous  salts  and  I/3  for  ferric  salts 
in  pH  -  log  Cimpurity  coordinates.  As  we  see  in  Fig.  7,  this  theoretical  re¬ 
quirement  is  satisfied. 

It  follows  from  our  data,  therefore,  that  when  highly  dilute  solutions  of 
nickel  sulfate  or  impurities  in  the  nickel  electrolyte  are  titrated,  the  com¬ 
position  of  the  resulting  solid  phase  agrees  with  the  formula  of  the  corres¬ 
ponding  hydrate.  It  should  be  borne  in  mind  that  experiments  involving  the 
titration  of  solutions  of  cadmium  sulfate  with  alkali,  with  parallel  measure¬ 
ments  as.  .titration  progresses,  of  the  pH  with  a  glass  electrode,  of  the  con- 
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ccntra^lon  of  cadmlua  Ions  vl^h  a  cadmluin  eloctrodc^  and  of  concan^ra^lon 
of  sulfate  Ions  with  a  lead  electrode^  led  to  a  similar  conclusion  [  ]. 

When  more  highly  concentrated  solutions  of  nickel  sulfate  are  titrated^ 
the  composition  of  the  resulting  solid  phase  grows  more  complex,  for  diffi¬ 
cultly  soluble  basic  salts  of  nickel  are  formed  instead  of  the  pure  hydrates. 

In  ordinary  hydrolysis,  the  nickel  ions  combine  suddenly  in  the  diffusion 
layer  at  the  cathode,  the  alkalinity  Increasing  over  the  entire  surface  of  the 
electrode,  which  favors  the  formation  of  hydrates  instead  of  the  Insoluble  basic 
salts  of  nickel.  Hence,  if  we  assume  that  the  fine  crystalline  structure  of 
nickel  deposits  is  due  to  the  formation  of  either  colloidal  hydrates  or  basic 
salts  during  electrolysis,  the  experimental  material  compels  us  to  give  prefer¬ 
ence  to  the  hypothesis  that  hydrates  are  foroied,  rather  than  basic  compounds. 

SUMMART 

1.  The  pH  values  at  which  nickel  hydrates  begin  to  form  in  sulfate, 
chloride,  and  nitrate  solutions  have  been  determined  by  potentlometrlc 
titration  with  a  glass  electrode  and  by  means  of  the  Tyndall  beam. 

It  has  been  shown  that  the  pH  values  at  which  hydrates  begin  to  form  are 
the  sane  in  the  chloride  and  nitrate  solutions,  while  the  precipitation  of 
hydrates  begins  in  a  sulfate  solution  when  the  solution  is  more  alkaline. 

2.  Adding  boric  acid  lowers  the  pH  at  which  nickel  hydrates  begin  to 
form  more  rapidly  in  the  chloride  and  nitrate  solutions  than  it  does  in  the 
sulfate  solution. 

3.  Exploration  of  the  effect  of  ammonium  sulfate  upon  lowering  the  pH 

at  which  hydrates  begin  to  form  has  also  shown  that  the  effect  of  the  ammonium  ' 
sulfate  is  greater  than  that  of  boric  acid  in  a  sulfate  solution,  the  action  of 
the  two  buffers  being  about  alike  in  the  chloride  and  nitrate  solutions. 

The  greater  hardness  of  the  cathodic  deposits  ordinarily  secured  in 
the  electrolysis  of  solutions  to  which  ammonium  sulfate  has  been  added  is 
apparently  due  to  the  large  number  of  nickel  hydrates  present  in  the  diffusion 
layer  near  the  cathode. 

5»  Analysis  of  the  experimental  data  has  demonstrated  that  it  is  more 
probable  that  colloidal  metal  hydrates  are  formed  than  their  basic  compounds 
in  the  electrolysis  of  nickel. 
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A  METHOD  OF  EUMUZATING  SULFUR  FROM  THE  FRBClPlTAIlHa. 
BATH  IS  VISCOSE  MAHUFACTUBE 


A.  P.  Antjkor 


The  presence  of  perceptible  quantities  of  finely  disperse  sulfur  in  the 
precipitating  bath  in  viscose  manufacture  is,  as  ve  know,  hi^ily  undesirable, 
since  it  greatly  increases  the  spoilage  of  fiber  (  'rusty*  cakes,  dirtying  of 
the  thread  guides  and  rollers,  which  causes  a  nap,  etc.),  interferes  with  the 
desulfuration  of  the  rayon,  and  the  like.  All  this  makes  the  elimination  of 
sulfur  from  the  precipitating  bath  extremely  necessary. 

The  method  of  eliminating  the  elementary  finely  disperse  sulfur  ftau 
precipitating  baths  (entering  the  settling  bath  via  decomposition  of  the  zemthate, 
the  viscose  formed,  and  the  thiosulfates)  now  employed  in  viscose  plants, 
involving  the  filtration  of  the  bath  through  quartz  filters^ has  several  highly 
essential  disadvantages,  which  reduce  the  efficiency  of  purification  nearly  to 
zero.  The  chief  of  these  disadvantages  are:  a)  the  extremely  rapid  clogging 
of  the  quartz  filters  with  finely  disperse  (sludge)  elementary  sulfur;  b)  the 
need  to  wash  the  sulfur  out  of  the  quartz  layers  at  length,  which  requires  that 
they  be  cut  out  of  the  filtration  cycle  for  long  Intervals  of  time  (8-12  hours 
every  2  or  3  days);  c)  the  need  for  a  large  number  of  bulky  and  expensive  lead- 
lined  filter  vats  (filled  with  quartz);  d)  high  losses  of  the  precipitating 
bath  solution  in  washing  out  the  filter  vats;  e)  Inadequate  rate  of  filtration 
of  the  settling  bath  through  the  quartz  layer,  which  drops  off  steadily  (as  the 
filter  becomes  increasingly  clogged);  f)  losses  of  elementary  sulfur  in  washing 
out  the  filter  vats;  g)  large  amount  of  labor  suad  bulk  Involved  in  repairs  to 
the  filter  vats. 

All  these  deficiencies  render  the  method  of  filtering  the  precipitating 
bath  through  quartz  filter  vats  highly  inefficient. 

We  have  worked  out  a  continuous,  rapid,  and  efficient  method  of  eliminating 
finely  disperse  sulfur  from  the  precipitating  bath,  involving  the  extraction  of 
the  finely  disperse  sulfur  with  carbon  tetrachloride  totalling  1^  by  volume  of 
the  bath. 

EXPERIMENTAL 

Periodic  extraction  of  sulfur  from  a  precipitating  bath.  25  ml  of  pure 
carbon  tetrachloride  were  placed  in  a  one- liter  separatory  funnel,  and  5^0 
of  the  viscose  precipitating  bath  of  ordinary  composition  (see  table)  were 
added. 


After  the  precipitating  hath  had  been  added,  the  funnel  wns  agitated 
either  by  hand  (shaking)  or  by  means  of  a  stirrer  (80-90  rpm)  for  one  minute 
at  20-35*-  After  stirring,  the  mixture  stood  for  one  minute,  and  the  bottom 
layer  of  carbon  tetrachloride  (which  contains  the  dissolved  sulfur)  was  allowed 
to  flow  out  through  the  bottom  stopcock  Into  a  100-ml  beaker,  while  the  upper 
.  layer  of  the  completely  transparent  bath  was  decanted  Into  a  receiver  for  the 
purified  (clarified)  bath.  The  clarified  bath  may  be  re-used  for  the  spinning 
process  after  first  being  heated  to  Uj-^T*  • 

The  carbon  tetrachloride  in  the  beaker  was  recharged  into  the  same  one- 
.llter  separatory  funnel,  another  5OO  ml  of  the  precipitating  bath  were  added, 
the  foregoing  purifying  operation  was  repeated.  The  third,  fourth,  and 
fifth  purifying  operations  were  performed  In  exactly  the  same  manner,  with 
^he  same  quantity  of  carbon  tetrachloride  (always  returned  to  the  separatory 
funnel). 

After  the  fifth  operation,  the  2li-2U.8  ml  of  carbon  tetrachloride  separated 
from  the  precipitating  bath  were  distilled  Into  a  distilling  tower  to  free  It 
.of  the  sulfur,  all  of  the  carbon  tetrachloride  being  distilled  into  a  condenser 
and  collected  In  a  pure  state  in  the  receiver,  from  which  It  was  taken  for  the 
subsequent  purifying  operations  of  the  precipitating  bath.  The  column  consisted 
.of  an  Erlenmeyer  flask,  connected  via  adapters  to  a  straight,  water-cooled 
'(12-15*),  condenser.  The  distilled  carbon  tetrachloride  was  collected  In  a 
100-ml  beaker.  The  heat  for  distilling  the  carbon  tetrachloride  was  supplied 
by  a  boiling  water  bath  In  which  the  flask  containing  the  carbon  tetrachloride 
was  immersed  (and  connected  to  the  condenser).  The  water  bath  may  be  heated. 

In  turn,  either  by  steam  (via  a  coll)  or  by  a  Bunsen  biimer. 

The  distilled  carbon  tetrachloride  was  re-used  as  indicated  above  in  the 
removal  of  sulfur  from  the  precipitating  bath. 

The  mechanical  losses  of  carbon  tetrachloride  after  five  purification 
cycles  as  outlined  above  was  I.5  to  2%  (cf  table). 

The  sulfur  left  in  the  carbon  tetrachloride  was  driven  off  was  mixed 
with  three  to  four  times  Its  quantity  of  water  (3-^  ml),  poured  Into  a  funnel 
(with  a  suction  filter  using  one  thickness  of  cloth)  and  re-used  as  such  after 
It  had  been  freed  of  Its  water. 

The  precipitating  bath,  freed  of  Its  sulfur  as  described  above,  was  a 
transparent  colorless  liquid  with  a  transparency  of  24-28  cm  before  purification 
There  was  no  change  in  the  composition  of  the  precipitating  bath  (cf  table). 

Continuous  sulfur  removal  from  the  precipitating  bath.  In  our  elaboration 
of  this  method  of  eliminating  sulfur  from  a  precipitating  bath  under  laboratory 
conditions  we  developed  the  continuous-cycle  purification  shown  in  the  flgxire. 

The  purification  process  is  as  follows.  (See  Plate,  page  773.) 

Two  half -liter  precipitating  flasks  1  and  2  (in  the  factory  these  would 
be  lead-lined  tanks  with  a  capacity  of  12-20  cu  m)  are  connected  together  by 
the  rubber  tubing  and  lUO  ml  of  pure  carbon  tetrachloride  are  poured  Into 
each  flask.  A  glass  bubbler  I70  mm  long,  with  a  dilated  bottom  end  pierced 
by  numerous  holes.  Is  placed  In  each  flask,  passing  through  the  stopper,  the 
bubblers  being  connected  to  the  rubber  tubing  k,  through  which  compressed  air 
reaches  them  from  the  air  line  Industrially,  we  could  either  use  lead  bubblers 


of  lead-dieathed  high-speed  stirrers  (00-90  rpn).  Compressed  air  at  0.3-0. 5  atm 
Is .passed  through  the  bubblers  during  the  purification  process  to  stir  up  the 
mixture  of  the  precipitating  bath  plus  the  carbon  tetrachloride  vigorously. 

The  second  precipitating  flask  2  Is  connected  through  the  overflow  tube  6  to 
the  300  separatory  flask  J.  The  separator.  In  turn.  Is  fitted  with  an  outlet 

8  for  the  purified  precipitating  bath  that  leads  to  the  receiver  (collecting 
tank)  for  the  purified  bath  (beaker  2)*  After  the  apparatus  described  has  been 
assembled,  compressed  air  at  0.3-0. 5  atm  Is  passed  through  the  bubblers  In 
flasks  1  and  2,  and  a  continuous  .flow  of  the  Impure  bath  enters  flask  1  through 
the  unpur If led  bath  entrance  tube' 10.  * 

The  Impure  bath  first  fills  flask  1  as  high  as  the  overflow  tube  2,  being' 
vigorously  stirred  by  the  bubbled  air  with  the  carbon  tetrachloride  which 
absorbs  Its  finely  disperse  sulfur. 

When  flask  1  Is  full,  the  bath  liquor  flows  througi  tube  2  to  the  second 
flask  2,  where  the  same  process  of  stirring  and  extraction  takes  place  as  In 
flask  1.  When  flask  2  Is  full,  the  purified  bath  overflowsthrough  tube  6  Into 
the  separator  J,  where  part  of  the  entrained  carbon  tetrachloride  settles  to 
the  bottom,  the  purified  bath  overflowing  through  tube  8  after  the  separator 
Is  full,  passing  to  the  purified  bath  receiver  2*  Th®  unpur  If  led  bath  contlnously 
enters  flask  1  under  pressure  (siphoned  through  tube  11 )  from  the  supply  flask 
12,  while  the  air  Is  discharged,  after  bubbling,  through  tube  ^  and  a  condenser.' 

The  Impure  bath  Is  passed  'through  the  apparatus  and  mixed  with  the  carbon 
tetrachloride  (by  the  compressed  air)  until  28-30  liters  of  Impure  bath  liquor 
(99  times  the  volume  of  the  carbon  tetrachloride  charged* into  the  flask)  has 
been  passed  through  (and  stlr.red  Intensively  by  the  compressed  air).  Then  the 
carbon  tetrachloride  Is  discharged  from  the  flasks  1  and  2  (via  special  bottom 
valves  under  Industrial  conditions  )  Into  a  receiver  (a  500-ml  flask)  for  the 
contaminated  carbon  tetrachloride,  from  which  It  Is  transferred  to  a  distilling 
column  for  distillation  as  described  previously.  , 

After  distillation,  the  pure  carbon  tetrachloride  Is  re-used  to  purify  the 
precipitating  bath.  After  the  carbon  tetrachloride  contaminated  with  extreicted 
sulfur  has  been  drained  from  flasks  1  suid  2,  lUO  ml  of  pure  carbon  tetrachloride 
are  again  poured  Into  each  flask,  and  the  purifying  of  the  precipitating  bath 
is  resumed  (the  bath  being  siphoned  through  tube  1^)  as  before.  The  purified 
bath,  collected  in  the  .receiver  2*  ^s*a  transparency  of  24-20  cm  and  the  usual 
composition  (cf  table).  In  a  large-scale  installation,  when  two  l8-cu  m  lead- 
lined  precipitator  tanks  are  used,  as  much  as  3  cu  m  of  carbon  tetrachloride 
must  be  charged  into  each  tank.  No  less  than  ^00  cu  m  of  dirty  bath  liquor 
should  be  passed  through  the  precipitator  tanks  (in  series)  with  Intensive 
stirring  before  this  quantity  of  carbon  tetrachloride  is  replaced  by  a  new  batch. 
Then  the  contaminated  carbon  tetrachloride  must  be  replaced  by  a  new  batch  and 
fractionated  (regenerated)  in  a  distilling  column  or  filtered. 

The  sulfur  remaining  In  the  distillation  tank  may  be  used  as  such  (as 
much  as  200  kg  of  sulfur  may  accumulate  in  the  tank  during  a  single  operational 
cycle). 

Parallel  with  our  removing  the  sulfur  from  the  precipitating  bath  by  use 
of  carbon  tetrachloride  we  tested  other  solvents,  keeping  the  same  proportions 
to  the  amount  of  bath  to  be  purified  (the  ultimate  figure  being  1^), 
carbon  disulfide,  pyridine,  chloroethane,  and  tetrachloroethane . 
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.  Results  of  Using  Carlioa  Tetrachloride  to  Eliminate 


Used' in  the  test 


Composition  and  transparency  of  the  precipitating  bath 


Grams/ 
liter 
of  lOOjt 
CCI4 

,  Ml  O  f 

precipitating 

bath 

Ml  of 
Sulfuric 
acid 

Grams/ 

liter 

of 

zinc 

sulfate 

Grams / 
liter 
uomonlum 

sulfate 

Grams/liter { 
of  sodium  ‘Suspended 
sulfate  -sulfur, 

1 

i 

Trans¬ 

parency 

cm 

25 

500 

131.1 

18.5 

24.6 

250.U 

6.0308 

3 

500 

131.1 

18.3 

24.6 

250.4 

0.0308 

3 

500 

131.1 

18.3 

24.6 

250.4 

0.0308 

3 

*  500 

131.1 

18.3 

24.6 

250.4 

0.0308 

3 

- 

500 

131.1 

18.3 

24.6 

1 

250.4 

0.0308 

3 

25 

500 

^  129.2 

17.8 

25.2 

249.1 

0.032 

2 

500 

129.2 

17.8 

25.2 

21*9.1 

0.032 

2 

* 

500 

129.2 

17.8 

25.2 

249.1 

0.032 

2 

— 

500 

129.2 

17.8 

25.2 

249.1 

0.032 

2 

- 

500 

1  129.2 

17.8 

f 

25.2 

249.1 

0.032 

2 

25 

500 

;  130.4 

17.1 

26.7 

248.3 

0.0316 

2 

5CX) 

.  130.4 

17.1 

23.7 

248.3 

0.0316 

2 

— 

500 

130.4 

17.1 

1  23.7 

248.3 

0.0316 

2 

— 

500 

130.4 

17.1 

!  23.7 

248.3 

0.0316 

2 

- 

500 

130.4 

17.1 

23.7 

248.3 

0.0316 

2 

25 

500 

129.7 

19.4 

I  24.9 

I  247.5 

0.0312 

3 

500 

129.7 

19.4 

2‘t.9 

21*7.5 

0.0312 

3 

— 

500 

129.7 

w.v 

:  24.9 

21*7.6 

■  0.0313 

3 

— 

5CX) 

129.7 

I  19.4 

:  24.9 

247.6 

0.0312 

3 

- 

500 

129.7 

19.4 

i  24.9 

!  247.6 

.  0.0312 

3 

The  purification  results  obtained  with  these  solvents  resemble  those  secured 
with  the  carbon  tetrachloride  but  are  much  inferior  to  the  latter;  moreover, 
they  are  either  Inflammable  or  poisonous.  Thus  they  are  Inferior  to  carbon 
tetrachloride  In  several  respects,  so  that  using  the  latter  for  purification  is 
most  practicable  and  preferable. 

SUMMARY 

1,  A  new,  simple  and  effective  method  has  been  found  for  contlnously 
eliminating  finely  disperse  sulfur  from  a  viscose  precipitating  bath.  Involving 
the  extraction  of  the  sulfur  with  carbon  tetrachloride,  which  is  added  as  1^  by 
voltime  to  the  contaminated  bath,  with  vigorous  stirring.  The  carbon  tetra¬ 
chloride  losses  may  be  eliminated  by  Installing  a  condenser  in  the  purification 


Sulfur  From  a  yiscose  I^ecipltating  Bath 


Secured  In  the  test 


THE  EFfECT  OF  DEFCSRMATIQR  UF05  METAL  FOTEBTXALB 


The'  preceding  paper  discussed  the  factors  linking  deformation  ^na  corrosion 
behavior.  Data  vere  cited  on  the  effect  of  deformation  upon  the  corrosion  rate 
of  some  rolled  technical  metals  [i]. 

The  present  repoirt  deals  vith  the  effect  of  deformation  upon  the  electro¬ 
chemical  characteristics  of  these  metals.  The  changes  in  the  electrode  potentials 
of  magnesium,  the  magnesium  alloys  MAi  and  MA3,  aluminum,  steel,  copper,  und  zinc 
due  to  deformation  have  been  explored.  Some  experiments  vere  made  vith  a  model 
microcell  made  of  magnesiimi  alloys. 

Investigation  of  electrode  potentials  may  yield  valuable  information  on  the 
corrosion  behavior  of  strained  metals.  Their  magnitudes  provide  an  idea  of  the 
distribution  of  poles  vhen  a  strained  metal  is  in  contact  vith  an  unstrained  one, 
and  sometimes  indicate  the  hazard  involved  in  such  contact  and  the  protective 
properties  of  the  oxide  films  formed  on  the  siirfaces  of  deformed  metals. 

The  change  in  the  electrode  potential  of  metals  due  to  deformation  has  been 
knovn  for  some  time  [2,3].  In  most  cases  deformation  makes  the  potentials  less 
noble.  Nevertheless,  the  nature  of  this  phenomenon  is  still  not  definitely 
knovn. 

There  are  tvo  points  of  vlev  concerning  the  reason  for  this  change  in 
potential.  Akimov  asserts  that  the  potential  is  made  less  noble  principally  by 
a  diminution  in  the  vork  Involved  in  the  exit  of  the  ion-atom  from  the  strained 
metal.  The  breaking  of  the  oxide  film  during  deformation  has  an  analogous  effect 
upon  the  magnitude  of  the  electrode  potential  [4], 

According  to  another  viev,  the  potential  is  made  less  noble  by  the  Increase 
in  the  accumulated  potential  energy  due  to  deformation  [s].  Evans  [o]  shares  this 
viev,  though  he  points  out  the  important  part  played  by  the  oxide  film  in  the 
corrosion  behavior  of  strain  metals. 

The  amount  of  change  of  electrode  potential  as  the  result  of  deformation 
varies  vith  the  nature  and  state  of  the  metal,  the  kind  emd  magnitude  of  deforma¬ 
tion,  and  the  nature  of  the  corrosion  medium.  The  change  in  potential  due  to 
deformation  does  not  exceed  a  fev  hundredths  of  a  volt  as  a  rule  [4,t,s1. 
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If  the  change  In  electrode  potential  due  to  deformation  la  governed  hy  the 
Increase  In  the  stored  potential  energy,  this  change  ought  to  equal  the  work  of 
deformation* 

Let  US  Imagine  a  metallic  electrode  Me  Immersed  In  an  electroylte  MeAn  and 
subjected  to  deformation. 

As  ve  know,  vhenever  a  process  arises  vlthln  any  system  as  the  result  of 
outside  vork,  the  change  In  energy  Involved  may  be  expressed  by  the  following 
equations 

U  •  A  ♦  q,  (1) 

where  U  Is  the  work  performed;  A  Is  the  Increase  In  the  system's  free  energy; 
and  q  Is  the  heat  evolved  In  the  process. 

Ve  recall  that  the  elementary  work  ^  of  deformation  will  bes 

du  •  ‘‘.dP,  (2) 

where  P  is  the  load,  and  X Is  the  elongation  of  the  metallic  electrode. 

(3) 

where  1  is  the  length  of  the  electrode,  E  Is  the  modulus  of  elasticity,  and  S 
Is  the  cross-section  area  of  the  electrode. 


Hence, 


integrating  from  P 


# 


—  du  * 


PdPl 

ES 


0  to  P  =  P,  we  gets 


I  PdPl  P21 
ES  *  2ES* 


(k) 

(5) 


since  IS  -  V,  and  P/S  »  p,  (6) 

Expressing  the  work  expended  In  Increasing  the  free  energy  of  the  system  In 
terms  of  the  potential,  we  gets 

A  .  nPe,  (7) 

where  n  Is  the  valency  of  the  metal;  F  Is  the  value  of  the  faraday  and  e  Is  the 
potential  of  the  metal.  ”  “ 

Since  the  free  energy  Is  related  to  the  work  done  by  the  equations 


and 


-  U  «  A  T 


(8) 


dT 


(9) 


substituting  the  values  of  U,  A,  and  from  (6),  (7),  and  (8)  In  (9),  we  get 


c  * 


2EnF 


+  T  ~ 

^  dT* 


(10) 
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The  last  equation  Indicates  that  the  potential  varies  as  the  square  of  the 
stress,  the  potential  shift  being  Independent  of  the  concentration  of  the  metal's 
Ions  In  the  electrolyte.  Inasmuch  as  the  heat  evolved  Is  negligibly  small 
compared  to  the  total  work  of  deformation  [o],  the  term  T  ~  in  Equation  (10) 
may  be  disregarded  In  calculations. 

Let  us  calculate  the  reversible  potential  of  a  magnesium  electrode  under 
strain.  We  shall  take  the  stress  as  equal  to  the  ultimate  strength  (17  kg/mm^). 

We  express  the  work  of  deformation  In  Joules  referred  to  one  gram  equivalent  of 
magn^^lim.  Since  E  »  4260  kg/mm2>  P  •  17  kg/mm2;  F  *  96,500;  n  -  2,  and 
V  »  9  ve  get  e  -  2.5  millivolt.' 

Magnesium  alloys.  Now  let  us  consider  the  results  of  measuring  the  potential 
of  deformed  magnesium  alloys. 

nie  distribution  of  poles  between  the  strained  and  unstrained  areas  was 
shown  clearly  by  means  of  a  color  Indicator.  A  steel  ball  was  used  to  make 
small  depressions  In  samples  made  of  magnesium  and  of  the  alloys  MAI  and  MAa,^ 
the  depressions  filled  with  a  0.1  molar  solution  of  NaCl  0.1^  neutral  red. 

The  dark-raspberry  color  of  the  Indicator  changes  to  yellow  when  OH'  Ions  formed 
at  a  cathode  are  present.  This  color  change  was  observed  wlthlu  5-6  seconds  In 
that  part  of  the  drop  next  to  the  undeformed  surface.  When  no  deformation  had 
taken  place  the  drop  began  to  tium  yellow  after  25-50  seconds. 

Ve  explored  the  changes  in  the  electrode  potentials  of  magnesium  alloys  as 
deformation  was  Increased  gradually  by  bending  samples  in  a  device  made  of  hard 
rubber  (Flg.l,a). 

The  device  consisted  of  two  blocks  1,  turning  freely  on  shafts  passing 
through  the  holes  2,  and  a  base  board  that  passed  through  U-shaped  slots  In 
the  blocks. 

A  sample  4,  l60  x  15  x  1  mm,  was 
A  fastened  to  the  blocks  by  means  of  the 

*  T-shaped  wedges  5*  The  sample  was 

\  \  deformed  by  moving  block  A  with  resped 

2  /  to  the  other  block,  after  which  the 

tf  n  f ft blocks  were  clamped  to  the  baseboard. 

*  The  outer  surface  of  the  bent  sample 

4  was  under  tension,  and  the  Inner 

^  surface  under  compression.  The  device 

for  determining  how  the  stress  varied 
^  .  with  the  position  of  the  block  on  the 

Fig  1.  Device  for  bending  samples.  baseboard  3  Is  shown  In  Fig.  l,b.  The 

a  -  Diagram  of  the  device:  1  -  blocks}  Transmitted  to  the  blTck  1 

I  -  openings;  ^  -  baseboard;  U  -  sample  ^  ^  passing  over  a  pulley.  TOe 

e  ng  deformed;  5  "  wedges.  action  of  the  weight  2  caused  the 

_  “  Weighting  the  device  (see  Plate,  block  1  to  turn  In  ball  bearings  past 

773) •  a  polished  steel  plate.  The  shaft  was 

also  mounted  In  ball  bearings  to  reduce 


Alloy  MAI  contains  about  1.7?^  Mn#  while  alloy  MAa  contains  about  Al, 
0.35^  Mn,  0.55^  Zn,  the  remainder  being  magnesium. 
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friction.  The  stress  vas  calculated  from  the  bending  moment.  During  these 
tests  the  sample  was  completely  immersed  in  a  solution  of  0.1  molar  NaCl. 

The  baseboard  was  fastened  above  the  level  of  the- electrolyte  by  clamps  to 
a  stand.  The  active  surface  of  the  sample  totaled  12  sq  cm..  Special  care 
was  taken  to  insulate  the  nonoperating  surfaces  of  the  sample  and  the  lead- 
in  wire  connected  to  the  end  of  the  sample  from  the  electrolyte.  This  was 
effected  by  treating  one  of  the  surfaces  of  the  sample  with  selenic  acid  and 
then  coating  it  with  a  layer  of  hot  drying  lacquer  and,  paraffin.  The  potential 
grew  steady,  some  two  or  three  hours  after  the  sample  had  been  Immersed  in 
the  stirred  electrolyte,  becoming  constant  within  30  minutes  or  so.  Then  the 
device  *s  block  was  moved  to  the  next  hole,  one  minute  later  the  potential  was 
read,  after  another  minute  the  sample  was  again  strained,  and  so  forth. 

Despite  the  differences  in  the  Initial  potentials,  there  was  satisfactory 
agreement  between  the  changes  of  potential  caused  by  deformation  in  parallel 
tests.  The  electrode  potentials  were  shifted  slightly  toward  the  negative, 
in  tension  as  well  as  in  compression.  The  most  typical  values  of  the 
electrode  potentials  in  the  unstrained  state  and  at  maximum  bending  strain 
are  listed  in  the  table. 


TABLE 

Effect  of  Bending  Strain  (Elastic  +  Besldual)  Upon  the  Electrode  Potentials 
of  Magnesium  Alloys  in  a  0.1  Molar  Solution  of  HaCl 


Alloy 

Kind  of 

strain 

Load,  {Electrode  potential, 

,  /  on  the  hydrogen 

kg/sq  mm  ^ 

Commercial 

magnesium 

Tension 

^  =1355 

-llf05 

Compression  j  5.7  -l4l9 

MAI 

Tension  j  7.8 

I 

1 

MA3 

1 

1  Tension  ,  8.7  Z[lk9 

Compression 

ft  7  “^234 

0.7 

These  figures  Indicate  that  the  electrode  potentials  of  magnesium  alloys 
are  some  20  millivolts  less  noble  after  residual  strain,  which  Is  about  ten 
times  as  much  as  the  value  calculated  above.  Hence,  the  change  In  electrode 
potential  must  largely  be  due  to  the  rupturing  of  the  oxide  film  during  de¬ 
formation,  rather  than  to  any  Increase  In  the  stored  potential  energy.  In 
every  test  the  potential  did  not  vary  by  more  than  1-2  millivolts  In  elastic 
deformation,  however. 

We  were  Interested  In  learning  whether  this  difference  between  the  electrode 
potentials  of  strained  and  unstrained  metals  persisted  with  time. 


^  The  figures  on  the  upper  lines  are  the  metal  potentials  In  the  undeformed 
state;  those  on  the  lower  lines  are  the  potentials  at  maximum  bending  strain. 
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With  this  as  our  objective,  Banples  shaped  like  an  F  [i]  vere  stretched 
In  an  Amsler  testing  machine  under  loads  that  vere  90^  of  The  processing 

of  the  sample's  surfaces  has  been  described  in  our  first  report  [i].  The 
potentials  vere  measured  In  solutions  at  rest,  used  for  corrosion  tests.  One 
liter  of  electrolyte  vas  used.  All  parallel  tests  vere  run  simultaneously  In 
the  same  vessel.  The  active  surface  of  the  samples  totaled  6  sq  cm.  The  mean 
results  of  five  measurements  are  reproduced  In  Figs.  2,3,4,5,6,7,  and  8. 


Fig. 2.  Effect  of  residual  tensile 
strain  upon  the  electrode  potential 
of  magnesium  In  a  0.1  mdlar 
solution  of  HaCl. 

A  -  Ejj  millivolts;  B  —  log  t.  1  - 
After  deformation;  2  —  before 
deformation. 


Fig. 3-  Electrode  potentials  of  the 
alloy  MAI  in  0.1  molar  NaCl. 

A  -  Ejj  millivolts;  B  -  log  t.  1  - 
After  deformation;  2  -  befOTe  * 
deformation.  "* 


Flg.U.  Electrode  potentials  of 
alloy  MA5  In  a  0.1  molar  solution 
of  NaCl. 

A  -  Ejj  millivolts;  B  -  log  t.  1  - 
After  deformation;  2  —  before 
deformation. 


Cionoof  onosim  •tsuikt 

Flg.3>  Electrode  potentials  of 
aluminum  In  a  0.3  molsu*  solution 
of  HCl. 

A  -  Ejj  millivolts;  B  -  log  t.  1  - 
After  deformation;  2  —  before 
deformation. 


O'y  Is  the  ultimate  strength. 
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Fig. 6.  Electrode  potentials  of  sine 
in  a  0.012^  molar  solution  of  E2S04 
A  —  Eg  millivolts;  B  —  log  t,  1  — 
After  deformation;  2  —  before 
deformation. 


Flg.7«  Electrode  potentials  of  copper 
in  a  0.^  molar  solution  of  H2SO4. 

A  —  E5  mllllvolts>  B  —  log  t.  1  — 
After  deformation^  2  —  before 
deformation.  ■ 


Fig. 8.  Electrode  potentials  of  steel 
in  a  1.^  molar  solution  of 
A  -  Ejj  millivolts;  B  —  log  t.  1  — 
After  deformation;  2  —  before 
deformation. 


These  results  show  that  tensile 
strain  corresponding  to  a  load  of  90^ 
c&uses  the  potential  of  mag« 
nesluffl  to  become  30-^0  millivolts  less 
noble,  thou^  the  potential  differences 
diminish  with  time.  Four  hours  after 
deformation  the  strained  magnesium  has 
a  more  positive  potential  than  the  un¬ 
strained  one. 


The  electrode  potential  of  mag¬ 
nesium  is  ennobled  with  time,  both 
before  and  after  deformation,  probably 
as  the  result  of  the  formation  of  a 
sparingly  soluble  film  of  magnesium 

hydroxide.  After  2U  hours  had  elapsed  the  potential  of  the  strained  magnesium 
was  17  millivolts  more  positive  than  that  of  the  unstrained  metal.  The  shift  in 
the  relative  positions  of  the  electrode  potentials  is  evidence  that  under  these 
conditions  the  contact  between  the  unstrained  and  strained  magnesium  cannot 
produce  intensive  corrosion  of  the  latter.  The  alloy  MAI  is  more  positive  for 
a  few  minutes  after  deformation,  but  then  the  potential  ratio  is  reversed. 

Little  change  occurs  in  the  potential  of  unstrained  samples  in  the  Interval  of 
time  between  10  minutes  and  1  hour,  whereas  the  potential  of  the  strained  samples 
is  noticeably  ennobled  and  then  grows  less  noble.  Here,  too,  the  change  of 
potential  may  be  explained  as  due  to  the  diminution  in  the  protective  properties 
of  the  film  over  the  strained  surface.  As  time  passes,  the  difference  between 
the  potentials  of  the  strained  and  unstrained  state  diminishes,  totaling  25 
millivolts  after  2U  hours. 


What  characterizes  the  alloy  MA3  is  the  rapid  ennobling  of  the  electrode 
potentials  of  strained  samples  of  this  alloy.  The  potential  values  of  the  two 
curves  are  practically  identical  after  2U  hours  have  elapsed. 

Aluminum.  The  electrode  potentials  of  strained  and  unstrained  aluminum  in 
a  0.3  molar  solution  of  HCl  8u*e  shown  in  the  curves  of  Fig -5-  The  electrode 
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potential  of  aluminum  Is  lowered  approximately  5  millivolts  by  deformation. 

The  extent  of  the  potential  shift  and  the  electrode  potentials  of  aluminum 
suffer  practically  no  change  with  change.  The  difference  between  the  potential 
values  obtained  In  parallel  tests  did  not  exceed  1-2  millivolts.  The  slight 
extent  to  which  the  potential  of  aluminum  becomes  less  noble  may  also  be 
explained  by  the  rupturing  of  the  oxide  film  during  deformation. 

Zinc.  The  effect  of  deformation  upon  the  electrode  potentials  of  zlxic  In 
a  0.0125  molar  solution  of  H2S04  Is  shown  In  Fig. 6.  At  the  beginning  of  the 
test  the  decrease  In  potential  due  to  deformation  Is  about  -55  millivolts.  As 
time  passes,  the  difference  diminishes,  falling  to  5  millivolts  when  2k  hours 
have  elapsed.  The  potential  of  unstrained  zinc  becomes  progressively  less 
noble,  probably  due  to  dissolution  of  the  oxide  film.  The  potential  of  the 
strained  zinc  Is  somewhat  ennobled  at  the  start,  but  then  also  grows  less 
noble. 

Copper.  The  electrode  potentials  of  copper  were  measured  In  a  O.5  molar 
solution  of  ^^S04. 

As  we  see  In  Flg.7>  the  potential  of  strained  copper  Is  more  positive  than 
that  of  the  unstrained  metal  for  the  first  25  minutes  after  immersion.  The 
potentials  approach*  each  other  rapidly,  however,  and  after  one  hour  has  elapsed 
the  strained  copper’s  potential  Is  some  20  millivolts  more  negative.  Thereafter 
the  two  potential  curves  move  In  parallel  toward  higher  positive  potentials. 

The  scattering  of  results  In  parallel  measurements  was  20  millivolts  at 
the  start  of  the  test,  dropping  to  lU  millivolts  after  one  hour  had  elapsed. 

The  anomalous  position  of  the  curves  at  the  left-hand  side  of  the  graph  Is 
probably  related  to  the  properties  of  the  oxide  films  produced  during  the 
deformation  of  the  copper.  The  ennobling  of  the  copper  potential  with  time  may 
be  explained  by  the  accumulation  of  copper  Ions  In  the  solution. 

Steel.  Deformation  lowers  the  potential  of  10  -  20  steel  by  about  O.Ol 
volt  (Fig. 8. ) .  The  curves  of  change  of  potential  with  time  are  parallel  to  each 
other.  The  difference  between  the  potentials  of  strained  and  unstrained  steel  • 
slowly  diminishes  with  time.  After  2k  hours  have  elapsed,  the  strained  steel’s 
potential  was  more  negative  than  that  of  the  unstrained  steel. 

Thus,  deformation  makes  the  electrode  poter^lal  more  or  J.esS  pronouncedly, 
less  noble  in  all  the  metals  tested.  The  lowering  of  the  potential  did  not 
exceed  a  few  hundredths  of  a  volt  in  most  cases.  The  relative  position  of  the 
potential  before  and  after  deformation  was  not  steady  sometimes  varying  at  the 
start  of  the  test  or  after  some  time  had  elapsed,  due,  most  likely,  to  the 
formation  of  corrosion  products. 

Polarization  characteristics  and  operatlor.  of  a  model  microcell.  Curves 
of  the  anodic  and  cathodic  polarization  of  magnesium  and  of  the  alloy  MA5  in  a 
0.1  molar  solution  of  NaCl  were  plotted  to  reveal  the  effect  of  deformation 
upon  the  anodic  and  cathodic  processes.  Deformation  was  produced  by  stretching 
the  samples  under  a  load  of  90^^  as  when  we  measured  the  electrode  potentials. 

The  potential  values  were  read  off  for  every  C.D.  value,  the  C.D.  being 
gradually  raised  to  Its  maximum  value. 

The  mean  results  of  our  measurements  of  the  cathodic  and  anodic  poleurizatlon 
of  magnesium  are  plotted  as  curves  In  Fig. 9.  % 
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notwithstanding  the  .comparatively 
high  scattering  of  the  potential  values 
.  in  the  several  tests,  the  following 

^  facts  stand  out: 

^  l)  Anodic  control  Is  somewhat  more 

effective  than  cathodic  control  In  the 
_  ^  ^  range  from  zero  to  0,i^  mlllleunp/sq  cm, 

-^tSkC'  2)  The  cathodic  and  anodic  processe 

-/4^¥  occur  at  more  highly  negative  potentials 

^  strained  electrode  at  C.D's  below 
^  mllllamp/sq  cm>  as  the  C.D.  Is  raised, 

•-hQ^  n  - rt  difference  between  the  potentials  of 

0 strained  and  unstrained  magnesium 

grows  smaller* 

Fig. 9.  Cathodic  and  anodic  pOl^lz-  5)  c.D.»s  higher  than  about 

ation  of.  magnesium  In  a  0.1  molar  mllllamp/sq  cm,  the  curve  of  cathodi 

solution  of  HaCl.  polarization  of  the  strained  magnesium 

A  —  ^  millivolts;  B  —  log  1,  mllll-  higher  than  that  of  the  unstrained 

amps/sq  cm.  1  -  Before  deformation;  magnesium. 

2  —  after  deformation,  c  —  Cathodic 

polarization;  a  -  anodic  polarization.  h)  The  curves  of  anodic  polariz- 

"  ation  are  superposed  on  each  other  in 

the  C.D.  range  from  0.4  to  0.8  mllliamp/ 

sq  cm. 

The  polarization  curves  have  the  same  shape  for  the  alloy  MA3* 

The  fact  that  the  curves  of  cathodic  polarization  come  closer  together  as  the 
C.D.  Is  raised  may  be  related  to  the  slighter  mechanical  rupturing  of  the  oxide 
film  over  the  strained  surface  as  the  result  of  the  evolution  of  bubbles  of  hydroge: 
That  Is  why  the  strained  magnesium  is  polarized  somewhat  less  than  the  unstrained 
metal  at  C.D.'s  above  approximately  1  mllllamp/sq  cm. 

The  oxide  film  is  ruptured  more  pronouncedly  at  the  strained  surface  as  the 
anodic  C.D.  Is  Increased.  This  is  probably  responsible  for  the  super-position  of 
the  anodic  polarization  curves  at  high  C.D. 's. 

The  observed  change  in  the  polarization  characteristics  when  electrodes  are 
strained  has  been  confirmed  by  tests  made  with  a  model  microcell. 

Two  of  the  devices  described  above  (Fig.  l,a)  were  clamped  to  a  stand  and 
Immersed  In  a  0.1  molar  solution  of  NaCl.  The  baseboards  of  the  devices  were  above 
the  level  of  the  electrolyte.  The  solution  was  stirred  and  a  current  began  to  flow 
in  the  cell’s  circuit  owing  to  a  certain  heterogeneity  of  the  electrodes 
and  of  the  layer  of  electrolyte  surrounding  them.  After  the  current  was 

stabilized,  the  sample  was  strained  exactly  as  during  our  measurements  of  electrode 
potentials.  The  current  was  read  for  each  position  of  the  block.  In  all  the  tests 
one  of  the  electrodes  was  bent. 

At  loads  less  than  3  4g/sq  mm,  the  current  of  the  Mgi/O  l  molar  NaCl/Mg2  couple 
hardly  changed  at  all  when  the  cathode  or  the  anode  was  strained  (Fig. 10).  It  is 
probable  that  the  oxide  film  had  not  been  ruptured  as  yet  at  this  load.  A  change 
in  the  current  was  also  opposed  by  the  fact  that  the  operation  of  the  cell  is 
largely  governed  by  the  processes  taking  place  at  the  unstrained  electrode. 


yig.9.  Cathodic  and  anodic  polariz¬ 
ation  of.  magnesium  In  a  0.1  molar 
solution  of  HaCl. 

A  —  ^  millivolts;  B  —  log  1,  mllll- 
amps/sq  cm.  1  —  Before  deformation; 

2  —  after  deformation,  c  —  Cathodic 
polarization;  a  —  anodic  polarization. 


The  polarization  curves  have  the 
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Fig. 10.  Varlatloa  of  current  with’ 
deformation  in  a  Mgx/O.l  molar  HaCl/Mg2 
cell. 

A  -  Current,  mllllamps;  B  —  load,  kg/sq 
mm.  1  Compression  of  the  cathode;  2 
compression  of  the  anode. 


Fig. 11.  Variation  of  current  vlth 
deformation  In  a  Mgi/O.l  molar  NaCl/ 
Kg2  cell. 

A  -  Current,  mllllamps;  B  —  Tensile 
load  on  ano^,  Kg/sq  mm. 


As  might  have  heen  expected, 
further  Increases  In  the  deformation 
of  the  Euaode  resulted  In  a  rise  In 
current.  Deformation  of  the  cathode 
caused  the  current  of  the  cell  to  fall, 
ovlng  to  the  cathode  becoming  less 
noble. 

These  behavior  patterns  persisted 
at  higher  deformations.  In  these  tests 
the  end  of  the  tensile-test  sample  vas 
placed  between  the  two  halves  of  a  cork 
stopper,  which  was  placed  In  a  glass 
tube  filled  with  the  electrolyse.  The 
cork  was  coated  vlth  Mendeleev  cement 
Inside  and  outside  the  tube  to  prevent 
the  exuding  of  the  solution.  The  other 
electrode  vas  Immersed  In  the  same  tube. 

The  sample  vas  gradually  stretched  In  an  Amsler  testing  machine.  As  we  see  In 
Fig.  11,  Increasing  the  deformation  of  the  anode  up  to  the  breaking  point  has 
practically  no  effect  upon  the  shape  of  the  curve,  entailing  an  Increase  In  the 
cell  current.  The  fact  that  the  potential  of  the  cathode  grows  less  noble  as  It 
Is  strained  may  cause  an  Interchange  of  polarity  between  the  electrodes.  In  the 
Alloy  Ma3x/0.1  molar  NaCl/Alloy  MA32  cell  (Fig. 12),  deformation  caused  the  cathode 
potential  to  shift  to  the  anode  potential  at  the  point  where  the  curve  crossed 
the  axis  of  abscissas,  and  the  flow  of  current  stopped.  Fxirther  Increase  In 
deformation  reversed  the  current.  The  electrode  that  had  been  the  cathode 
acquired  a  more  highly  negative  potential  than  that  of  the  undeformed  electrode, 
and  became  the  anode.  Resuming  the  deformation  of  this  electrode  caused  the 
current  to  rise. 


Fig. 12.  Variation  of  current 
deformation  In  an  Alloy  Ma3i/0.1 
molar  NaCl/Alloy  MA32  cell. 

A  —  Current,  mllllamps;  B  —  load, 
kg/sq  mm.  1  —  Compression  of  the 
cathode;  2  —  compression  of  the 
anode. 


Anologous  behavior  patteims  were  observed  IcT  the  elastic  dexonnatloQ  of  the 
anode  and  cathode,  though  the  changes  In  current  covered  a  narrower  range. 

These  tests  explored  the  separate  effects  of  deformation  of  the  anode  and 
of  the  cathode  upon  the  current  of  the  model  microcell.  In  actual  microcells 
the  anodes  and  cathodes  are  deformed  together.  In  the  ensuing  test  of  an  Alloy 
MAli/0.005  molar  H2S04/Alloy  MAl^  cell,  both  electrodes  were  strained  alternately 
the  deformation  being  raised  gradually. 

As  we  see  In  Fig.  13,  deformation  produces  similar  changes  In  a  medium  that 
attacks  the  oxide  film  more  vigorously  than  the  sodium  chloride  solution  does. 

It  is  worthy  of  note  that  each  Increment  of  load  In  the  range  of  2o6  kg/sq 
mm  changed  the  direction  of  ciu'rent  flow,  though  the  magnitude  of  the  current 
hardly  varied  from  the  Initial  value,  provided  the  strains  were  equal.  A  further 
Increase  In  deformation  resulted  in  a  gradual  rise  In  the  current.  '  The  latter 
phenomenon  was  also  observed  In  electrodes  of  magnesium  and  the  MA3  alloy, 
strained  in  a  0.1  molau:  solution  of  RaCl. 

The  rise  of  the  cell  current  during  equal  deformation  of  the  anode  and  the 
cathode  agrees  with  the  shape  of  the  polarization  curves  reproduced  In  Fig. 9. 

The  steeper  slope  of  the  curve  of  anodic  polarization  Indicates  that  the 
operation  of  the  model  microcell  Is  predominantly  controlled  by  the  anodic 
phencmiena. 


Fig. 13.  Variation  of  current  with  deformation  In  an  Alloy 
MA.li/0  00^  molar  H2S04/Alloy  MAI2  cell  with  alternate 
deformation  of  both  electrodes. 

A  —  Current,  mllllamps>  B  and  C  —  tensile  load,  kg/sq  mm. 

SUMMARY 

1.  With  the  work  of  deformation  as  a  basis,  an  endeavor  has  been  made  to 
calculate  the  change  In  electrode  potential  due  to  deformation.  It  has  been 
shown  that  the  calculated  value  Is  several  times  smaller  than  the  experimental 


2.  Tensile  and  compression  strain  of  magnesium  and  of  the  magnesium  alloys 
MAI  and  MA3  In  a  0.1  molar  HaCl  solution  makes  their  electrode  potentials  6*17 
millivolts  less  noble. 

3*  The  residual  tensile  strain  corresponding  to  a  load  of  90^<^v 
electrode  potential  of  aluminum  In  0.3  molar  HCl,  zinc  In  0.0125  molar  £[38049 
steel  In  I.5  molar  838049  and  copper  In  O.5  molar  83804  less  noble  by  about  33 
millivolts. 

Ifr.  The  difference  betveen  the  potentials  of  the  strained  and  unstrained 
metals  diminishes  with  time. 

5.  Strained  magnesium  suffers  s>^eater  cathodic  polarization  and  less  anodic 
poleirlzatlon  In  a  0.1  molar  solution  of  RaCl  than  unstrained  magnesium  does.  As 
the  C.D  Is  raised  to  about  0.6  mllllamps/sq  cm9  the  difference  betveen  the  courses 
of  the  curves  of  strained  and  unstrained  magnesium  diminishes. 

6.  A  model  microcell  made  of  magnesium  alloys  has  been  utilized  to  show 
that  anode  deformation  Increases  and  cathode  deformation  decreases  the  cell  curren 
Deformation  of  both  the  emode  and  the  cathode  Increases  the  corrosion  current. 
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THE  HYDRODYNAMICS  OF  PACKED  EXTRACTION  COLUMNS 


V.  V.  EeifaroT  and  M.  A.  Planovskaya 


simplicity  of  design  and  operation  of  packed  extraction  columns  has 
gained  them  vide  acceptance  In  Industry. 

But  absolutely  no  research  has  yet  been  done  on  the  rational  operation 
of  packed  extraction  columns.  This  Is  due«  first  of  all,  to  the  absence  of 
reseeurch  on  the  hydrodynamics  of  liquid  flow  through  a  packing,  vhlch  chiefly 
governs  the  rate  of  mass  transfer  of  the  dissolved  substance  from  one  liquid 
phase  to  the  other. 

In  extraction  In  packed  columns,  the  heavier  liquid  Is  fed  In  at  the  top 
of  the  column.,  and  the  lighter  liquid  at  the  bottom.  As  a  rule,  the  extractor- 
Is  completely  filled  with  one  liquid,  vhlch  constitutes  the  dispersion  medium, 
the  other  liquid  —  the  disperse  phase  —  being  continuously  distributed  through¬ 
out  It  as  It  penetrates  the  dispersion  medium. 

The  difference  between  the  specific  gravities  of  the  two  liquids  Is  the 
motive  force  giving  rise  to  the  relative  motion  of  the  two  phases  In  the 
coltunn. 

The  phase  velocities  In  the  column  can  be  varied  only  within  rigidly 
defined  limits.  Raising  or  lowering  the  velocity  of  the  dispersion  medium 
or  the  disperse  phase  beyond  a  certain  limit  establishes  a  reverse  phase  motion 
In  vhlch  one  liquid  Is  entrained  by  the  other,  thus  disrupting  the  operation 
of  the  column. 

Planovsky  and  Kafarov  [i]  made  a  survey  of  the  experimental  data  [z,^]  on 
the  extraction  of  acetic  acid  from  water  with  benzene  and  methyl  Isobutyl 
ketone  and  demonstrated  that  there  is  a  definite  velocity  of  the  dispersion 
medium  at  which  reversal  of  phase  motion  or  the  so-called  choking  of  the 
extractor  takes  place. 

The  few  experimental  figures,  however,  did  not  allow  of  shedding  light  on 
the  various  factors  affecting  the  nature  of  the  phase  flows  In  packed  extraction 
columns. 

It  was  the  objective  of  the  present  rese6u*ch  to  explore  the  hydrodynamics 
of  packed  extraction  columns  In  order  to  establish  the  limiting  loads  of  the 
columns'  dispersion  medium  and  disperse  phase. 

EXPERIMENTAL 

Our  tests  were  run  In  a  model  Installation,  working  up  the  test  results  by 
the  scale-effect  method,  which  enables  the  application  of  the  research  results 
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to  other  sizes  of  extraction  columns. 

The  foUovlng  systems  vere  Inrestlgated:  benzene  —  water,  acetic  acid  —  water 
and  chlorobenzene  phenol  dissolved  In  hydrochloric  acid. 

In.  working  up  our  test  results,  we  also  made  use  of  tbye  experimental 
cited  by  Colburn  [4]  for  the  sgrlene  —  water,  toluene  —  water,  and  Isopropyl  ether  - 
water  systems,  and  of  the  experimental  data  of  Sherwood  and  others  [2I  for  the 
benzene  —  acetic  acid  —  water  system. 

The  benzene  was  frozen,  freed  of  Its  sulfuric  acid,  and  double«dlstllled>  its 
boiling  point  was  80*j  density  O.878.  The  chlorobenzene  was  double-distilled;  its 
boiling  point  was  IJl*;  density  I.107.  The  acetic  acid  was  chemically  pure,  the 
acetic  acid  concentration  at  the  Inlet  belxig  about  6^. 

The  packing  tested  consisted  of  glass  tubes  6.62  X  6.7O  X  0.6  mm  In  size  (♦he 
mean  of  50  determinations).  These  tube  dimensions  enabled  us  to  consider  the 
pack^ig  as  approaching  the  form  of  Raschlg  rings.  The  par- king  surface  8  *  8IO 
sq  m/  cu  m,  the  free  packing  voliime  P  *  0.70  sq  m/cu  m,  and  the  number  of  ricgs 
per  cu  a  was  2,930,000.  * 


The  tests  were  run  In  the  Instal¬ 
lation  shown  diagraamatlcally  In  Flg-1- 

nie  Installation  consisted  of  a 
column  (1),  the  pressure  tanks  (6)  and 
(7),  and  the  receivers  (10)  and  (13). 

The  glass  column,  with  a  diameter  of 
k2  mm,  had  Internal  hollows  In  its  lover 
section.  In  which  there  were  placed 
colls  to  support  the  packing.  The 
free  cross  section  of  the  colls  was 
made  equal  to  that  of  the  packing.  The 
ratio  of  the  column  diameter  to  the 
packing  diameter  was  greater  than  6, 
thus  satisfying  the  condition  for 
geometrical  similarity  In  packed  col'.^ttr.s 
[5] ,  The.  height  of  the  packing  layer 
within  the  packing  layer  within  the 
column  was  II30  mm,  the  overall  height, 
of  the  column  being  I5OO  mm.  The  zore 
beneath  the  packing  contained 
distributing  nozzles,  1.2  mm  in 
diameter  and  60  mm  long.  Joined  into  a 
single  collector.  When  a  phase  with  a 
higher  specific  gravity  was  to  be 
dispersed,  the  nozzles  vere  placed  in 
the  .upper  part  of  the  column,  in  the 
zone  above  the  packing. 

When  a  lighter  liquid  entered  at 
the  bottom  of  the  column,  a  glass  funnel 
(3)  fitting  the  Inner  diameter  of  the 
column  was  placed  in  the  zone  above  the 
packing  at  the  top  of  the  column,  thus 
making  It  possible  to  collect  and  draw 


off  the  light  fluid  and  separate  It  fron  the  heavy  liquid  entering  the  colium. 

When  a  heavy  liquid  was  to  be  dispersed,  the  funnel  was  placed  at  the  bottom  of 
the  column. 

Flg.l  shows  the  Installation  as  set  up  for  the  Introduction  of  a  light 
liquid  (benzene)  Into  the  bottom  of  the  column  via  the  nozzles  (2).  The  heavy 
liquid  (watet)  was  fed  In  -at  the  top  of  the  column  via  the  Indicator  and  pressure 
regulator  (5)  and  the  tube  {k).  Before  starting  up,  the  column  was  two^thlrds 
filled  with  water  or  benzene,  depending  upon  which  liquid  was  to  serve  as  the 
dispersion  medium.  Then  water  was  let  into  the  column  from  the  pressure 
at  constemt  level  (6),  while  benzene  was  fed  In  from  the  tank(T)  the  feeder 
pump  (8)  •  The  benzene  rose  counter  to  the  flowing  water  and  was  drawn  off  to 
the  receiver  (10)  through  the  funnel  (3)  and  the  measuring  buret  (9)«  The 
water  was  drawn  off  from  the  bottom  of  the  column  to  the  receiver  (13)  wia  the 
stopcock  (11)  and  the  U>shaped  tube  (syphon)  (12),  The  position  of  the  U«shaped 
tube  (12)  determined  the  level  of  the  phase  boundary,  for  the  tube  Is  connected 
to  flexible  tubing,  making  it. possible  to  vary  this  level  and  thus  change  the 
phase.  To  ensure  the  mutual  saturation  of  one  phase  by  the  other,  water  was 
poured  on  the  bottom  of  the  tank  (7)/  while  a  thin  layer  of  benzene  was  placed 
above  the  water  in  the  tank  (6).  All  the  tests  were  run  at  18-24*  C. 

The  velocities  of  phase  flow  were  measured  durlr.g  the  tests  and  the  phases 
were  varied. 

The  rate  of  flow  was  measured  at  the  Inlet  by  meaLS  of  the  feeder  pump  (8), 
via  the  drain  pipe  (l4),  and  by  the  Indicator  (3).  The  readings  of  the  measuring 
buret  (9)  and  of  the  collecting  cylinder  (13)  served  as  a  further  check. 

When  visual  observation  of  flow  was  employed,  the  column  was  filled  with 

8  Z  8  X  2  mm  porcelain  rings,  with  the  equivalent  diameter  d  =  *  O.OO328  meter; 

the  liquids  were  colored  with  a  dye  that  was  soluble  In  one  phase  and  Insoluble 
In  the  other. 

Visual  observations.  Visual  observations  of  a  colored  liquid  were  used  to 
study  the  nature  of  liquid  flow  through  packed  extraction  columns. 

At  low  flow  velocities,  the  dispersed  liquid  travels  either  as  Individual 
drops  or  spreads  out  as  a  Jet,  depending  on  Its  properties.  We  have  observed, 
for  example,  that  when  benzene  was  dispersed  In  water,  it  moved  In  drop  form, 
whereas  when  water  was  dispersed  in  benzene,  the  water  spread  in  the  form  of  a 
Jet.  Fig.  2  Is  a  photograph  of  the  flow  during  the  dispersion  of  colored  water 
In  benzene.  (See  Plate,  page  773)- 

The  volumetric  rate  of  flow  of  the  benzene,  which  was  the  continuous  phase, 
was  Zc  =  6  cu  m/  sq  m/hour,  while  the  flow  rate  cf  the  dispersed  water  was 
Zd  *  2  cu  m/sq  m/hour.  The  blackened  rings  In  Fig.  2  show  the  striated  nature 
of  the  motion  of  the  disperse  phase.  It  being  evident  that  not  all  the  surface 
of  the  packing  acts  as  a  phase  contact  surface,  only  a  mlCwte  portion  of  the 
surface  being  so  i^ed. 

Contact  between  the  phases  takes  place  at  the  Individual  elements  of  the 
packing,  with  no  perceptible  turbulent  flow  at  the  s_'rface  of  the  liquid  film. 

We  have  defined  this  kind  of  operation  as  film  operation. 

When  the  rate  of  flow  of  the  continuous  phase  was  kept  constant  at  Z  = 

6  cu  m/  sq  m/ho«Jur,  and  the  flow  rate  of  the  dlopnrse  phase  was  increased  to 
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Id  *  2.50  cu  m/  sq  m/hour  (Fig. 3),  a  marked  change  was  observed  In  the  pattern- 
of  phase  motion.  The  free  volume  of  the  packing  was  filled  with  drops  and 
globules,  the  Jets  broke  off,  the  continuous  phase  was  penetrated  by  the  dis¬ 
perse  phase,  all  the  rings  were  covered  with  the  liquid  being  dispersed,  and 
the  surface  of  contact  rose  sharply.  Considerable  turbulence  of  flow  was 
observed,  and  the  column  operation  became  turbulent. 

A  further  increase  In  the  rate  of  flow  led  to  even  higher  turbulence  of 
flow,  an  Increase  In  the  degree  of  dispersion,  and  the  formation  of  an  infinite 
niad)er  of  minute  eddies.  The  entire  packing  is  penetrated  by  tiny  eddies,  the 
liquid  being  emulsified  as  it  were  (Fig.  4) .  It  might  be  expected  that  this  type 
of  operation  of  a  packed  extractor  would  be  the  most  efficient,  since  the  surface 
and  time  of  contact  are  at  a  maximum.  Ve  have  defined  this  type  of  operatloias 
eddy-emulsified  operation  and  called  the  flow  rates  characteristic  of  this  type 
of  operation  the  •optimum*  velocities.  In  this  type  of  operation  the  zone  above 
the  packing  is  likewise  filled  with  emulsified  phases. 

The  volumetric  rate  of  flow  of  the  continuous  phase  in  this  type  of 
operation,  as  shown  in  Fig.  4  (see  Plate,  page  773)  vas  6  cu  m/sq  m/hour,  that 
of  the  disperse  phase  being  3*0  cu  m/sq  m/hoxir. 

It  is  worthy  of  note  that  in  this  type  of  operation  the  properties  of  the 
dispersed  liquid  have  no  effect  upon  the  nature  of  the  flow:  dispersing  water 
in  benzene  exhibits  the  same  visual  pattern  as  the  dispersing  of  benzene  in 

water. 

Raising  the  phase  velocities  above  the  optimum  values  results  in  flooding^  . 
the  column  and  the  entrainment  of  one  phase  by  the  other.  Flooding  usually 
sets  In  by  the  zones  preceding  the  packing  being  filled  with  liquid,  consisting 
either  of  the  disperse  or  the  continuous  phase,  depending  on  the  phase  whose 
velocity  change  caused  the  reversal  of  motion.  Figxires  5  and  6  (see  Plate, 
page  775  show  the  Instant  at  which  the  column  began  to  flood,  when  the  flow 
rate  of  the  disperse  phase  was  raised  to  3*5  cu  m/sq  m/hour,  and  the  flow  rate 
of  the  continuous  phase  was  6  cu  m/sq  m/hour. 

The  formation  of  liquid  seals  directly  above  and  below  the  packing  upsets 
the  normal  phase  flow.  The  fusing  together  of  the  individual  drops  rapidly 
Increases  the  height  of  the  liquid  columns,  diminishes  the  turbulence  of  flow, 
and  causes  the  phases  to  flow  In  the  same  direction,  one  carrying  the  other 
along.  Flooded  operation  of  a  column  Is  close  to  operation  at  optimum  flow 
rates,  so  that  the  search  for  the  quantitative  ratio  governing  the  onset  of 
flooded  column  operation  becomes  particularly  Important.  We  have  found  that 
the  flow  rates  ordinarily  employed  In  packed  columns  lie  much  below  the  opti¬ 
mum  rates,  so  that  packed  extraction  columns  operate  very  Inefficiently  at  the 
present  time. 

Effect  of  various  factors  upon  the  load  limits  of  packed  extraction  columns. 
The  quantitative  data  secured  in  our  investigations  of  the  load  limits  of  packed 
extraction  columns  etre  given  In  the  table. 


5-)  The  previously  Introduced  [l]  definition  of  this  type  of  operation  as 
choking  Is,  in  our  opinion,  a  less  accurate  description  of  what  happens  here. 
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Effect  of  Various  Factors  Upon  the  Load  Limits  of  Packed  Extraction  Columns 


Difference 

Surface 

between  the 

tension. 

viscosities 

(  (T), 

of  the  liquid 

dynes/ 

phases,  d/i, 
centlpolses 

ca 

Packing: 

Benzene 

8.68 

5.20 

3.26 

Chloro¬ 

benzene 


1.65 

Benzene 


Aqueous 
acetic  . 
acid 

6.08 

6.08 

Packing: 


glass  rings,  6.62  X  6.7O  X  0.6  mm;  3  a  8IO  sq  m/cu  m;  Fa  O.78  cu  m/cu  a 
I  Water  I 

1  2.17  O.OO2UI 

:  3.26  0.00145  123[®1  I  877  0.322  35t‘^] 

0.00091 


I  Water 

1  2.17 
:  3.26 
I  1^.55 

j  Phenol 
dissolved 
In  hydro¬ 
chloric 
acid 
•  1.12 

I  Aqueous 
' acetic 
•  acid 

i  3.98 

j  ^^.96 

Benzene 


0.00048 


\  0.00223 
0.00223 


•  I'.V  loiwiel  i  ^5  I  1000  I  O.jsa  1 

Baschlg  rings,  12.7  X  12,7  nan;  S  *  37*^  sq  m/cu  m>  P  ■  0,7^  [2,. 3 


1231*1 

877 

0.322 

20 

1060 

0.590 

123(®] 

877 

0.322 

1  123 

1000 

0.322 

75.56 


351®] 


351®] 


Xylene 

Water 

4.52 

23.8 

0.00126 

5.90 

11.6 

20.8 

16.55 

0.00164 

0.00323 

151[*3 

849 

0.372['J  * 

26.4 

12.0 

0.00732 

29.2 

3.6 

0.00810 

Water 

Xylene 

3.74 

34.2 

0.00104 

8.32 

23.0 

0.00231 

151 

1000 

0.372 

16.0 

13.3 

0.00445 

24.1 

8.31 

0.00668 

30.6 

1.61 

0.00850 

• 

Water 

Toluene 

4.57 

12.90 

14.2 

9.25 

0.00127 

0.00360 

138[*J 

1000 

0.417[‘^) 

37.71'') 
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Effect  of  Various  Factors  Upon  the  Load  Limits  of  lacked  Extraction  Columns. Contdw. 


Volumetric 
flow,  cu 

rate  of  phase 
m/sQ  m/hour 

Velocity 
of  the 
continuous 
phase  when 
flooded, 

Wg  meters/ 
sec 

Difference 
between  the 
phase  spec. 
jra-^tleSj, 

in  kg/cu  m 

Spec.  grav. 
of  the  con¬ 
tinuous 
phase,  Vc# 
kg/cu  m 

Difference 
between  the 
viscosities 
of  the  liquid 
phases, 
centlpolses 

Surface 

tension,, 

(  <xh 

dynes/ 

cm 

Continuous 
phase,  Zc 

Disperse 
phase,  Id 

Aqueous 

Benzene 

acetic 

- 

acid 

12.20 

»^.03 

0.00340 

123 

1000 

0.353ri 

351*; 

9.15 

6.73 

0.00234 

6.11 

U.80 

0.00170 

Water 

Isopropyl 

ether 

5.32 

V8.5 

0.00148 

• 

12.6 

42.0 

0.00350 

26.8 

26.8 

0.00745 

aTSfl 

1000 

0.687[’^1 

4.44 

^5.1 

15.1 

0.01255 

50.0 

5.0 

P.01395 

Effect  of  nozzle  size.  It  has  heen  found  [^]  that  the  nozzle  size  affects 
the  drop  size  only  in  the  zones  preceding  the  packing,  the  size  of  the  drops 
changing  continuously  as  they  pass  through  the  packing,  assuming  some  mean 
size  xhat  Is  Independent  of  the  nozzle  dimensions.  As  flooded  operation  Is 
approached,  the  whole  of  the  packing  Is  penetrated  by  fine  Jets,  which  are  emul-  . 
slfled  Independent  of  nozzle  size. 

The  cross  section  of  the  support  underneath  the  packing  may  substantially 
affect  the  drop  size  and  the  onset  of  flooding.  The  column  begins  to  flood  at 
lower  phase  velocities  whenever  this  cross  section  Is  smaller  than  the  free  cross 
section  area  of  the  packing.  We  made  the  cross  section  of  the  support  beneath 
the  packing  (a  glass  spiral)  the  same  as  the  free  cross  sectional  area  of  the 
packing  to  eliminate  this  factor  as  am  Influence  In  otu*  Investigations  of  the 
prevailing  quantitative  relationships. 

Effect  of  the  packing.  The  packing  promotes  the  disintegration  of  the  drops 
of  the  disperse  phase  or  the  development  of  eddies  as  flooded  operation  Is  approach¬ 
ed.  The  limiting  flow  rates,  at  which  flooding  occurs,  are  raised  when  the  free 
volume  of  the  packing  Is  Increased.  When  we  compare  the  results  of  our  Investi¬ 
gation  of  the  limits  at  which  the  packing  Is  flooded  In  the  water  *“  benzene  “  acetic 
acid  system,  for  example,  we  find  that  the  same  rate  of  flow  of  the  continuous  phacae, 
corresponding  ^  flooding,  W^  =  0.001-7  meter/sec.  Is  attained  at  a  volumetric  flow 
rate  ratio  of  ~  =  1,22  when  the  free  volume  F  =  O.78,  and  at  ^  =  O.52  when  the 
free  volume  F  *  0,jU, 

Therefore,  the  load  limit  of  columns  rises  with  an  Increase  In  the  packing 
free  volume. 


Effect  of  the  physical  properties  of»the  liquids.  The  relative  motion  of  the 


ryrft^. 


phases  In  extraction  columns  is  produced  by  the  difference  in  the  specific  gravities! 
of  the  liquids.  We  must  expect,  therefore,  that  increasing  this  difference  in  spec i| 
fic  gravity  will  increase  a  column's  load  limit.  The  smaller  this  difference,  the 
lover  the  flow  rate  at  which  one  phase  will  be  entrained  by  the  other.  •  Plotting 
^he  ratio  of  the  volumetric  rates  of  flow  of  the  continuous  and  the  disperse  phase, 
^  along  the  axis  of  abscissas,  end  the  values  of  the  voltjnetric  rate  of  .flow  of  the 
•  continuous  phase,  v^,  in  cu  m/sq  m/hour,  for  the  full  column  cross  section  and 
corresponding  to  the  Tloodlng  limit  along  the  axis  of  ordinates,  we  get  the  set  of 
curves  reproduced  in  Fig.  7  for  systems  with  varying  specific -gravity  differences. 


Fig.  7»  Effect  of  differences  between 
the  specific  gravities  of  liquids  upon 
the  flooding  rate  of  flow. 

A  —  volumetric  rate  of  flow  of  the. 
continuous  phase,  Zc#  m/sq  m^/hour; 

B  —  ratio  of  the  continuous-phase  of 
the  volumetric  rate  of  ^low  to  that 
of  the  disperse  phase,  ^3*  1  "*  Xylene 

—  water,  A,';  «  151>  2  —  toluene  —  water, 

=  133;  2  ““  benzene  —  water,  Zlv  » 

123. 


Fig.  8.  Effect  of  the  volumetric 
rates  of  flow  of  the  phases  and  of 
phase  Interchange  upon  the  column  of 
flooding  limits. 

A  “  volumetric  rate  of  flow  of  the  dis¬ 
perse  phase,  Vjj,  cu  m/sq  m/hour;  B  — 
ratio  of  the  volumetric  rate  of  flow 
of  the  continuous  phase  to  that  of  the 
disperse  phase,  •  “  disperse  phase  . 

water  -  continuous  phase:  xylene;  jC  “ 
disperse  phase:  xylene  —  continuous  phases 
water. 


Curve  1  was  plotted  for  the  system  xylene  —  water,  with  a  specific-gravity 
difference  of  »  151  kg/cu  m;  Curve  2  for  the  system  toluene  —  water,  with 

-V  *  138  kg/cu  m;  and  Curve  3  for  the  system  water  -  benzene,  with  -  123 
kg/cu  m.  The  surface  tension  and  the  specific -gravity  difference  were  fairly 
close  in  the  systems  compared. 

It  follows  from  Fig.  7  that  the  curves  for  systems  with  a  greater  difference 
In  specific  gravities  lie  higher  than  do  those  for  systems  in  which  the  specific- 
gravity  difference  is  smaller.  Hence,  an  increase  in  the  specific-gravity  differ¬ 
ence  between  the  liquids  causes  flooding  to  occur  at  a  higher  level,  thus  raising 
the  load  limit  of  the  columns  in  question. 


Besides  the  effect  of  the  specific -gravity  difference,  the  motion  of  the 
liquid  phases  is  also  complicated  by  the  parallel  effect  of  the  liquid  viscosities 
and  the  surface  tension  at  the  boundary  between  the  liquid  phases.  This  made  it 
difficult  to  explore  the  separate  effect  of  the  latter  factors,  with  all  other 
influences  excluded.  It  may  be  assumed  that  an  increase  in  the  viscosity  of  one 
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liquid  with  respect  to  the  other  will  affect  the  flooding  rate  of  flow. 

The  surface  tension  largelj  gorems  the  disensions  of  the  drops  of  the 
disperse  phase «  which  change  continuously  as  they  pass  through  the  packing 
and,  of  course,  affects  the  flooding  rate  of  flow  at  which  the  drop  dimensions 
are  Increased. 

^y  working  up  our  experimental  data  on  generalized  coordinates  we  were 
able  to  plot  the  Influence  of  liquid  viscosity  and  surface  tension  In  definitive 
form. 

Effect  of  phase  velocities  and  phase  alternation.  Flooding  of  the  column 
may  be  caused  by  an  increase  of  the  column  load  beyond  some  optimum  for  the  con¬ 
tinuous  or  the  disperse  phase.  The  phenomenon  of  flooding  Is  the  saune  In  either 
case  one  phase  hinders  the  passage  of  the  other  and  then  entrains  It  with  It. 

Figure  8  Illustrates  the  effect  of  the  phase  rates  of  flow  upon  the  flooding 
limit,  together  with  the  effect  of  interchange  of  the  phases.  This  graph  Is 
based  upon  oxu*  experimental  data  for  the  xylene  ~  water  system,  with  the  water 
dispersed  In  xylene,  and  with  the  xylene  dispersed  In  water.  As  the  graph  shows, 
the  attainment  of  the  flooding  stage  as  the  load  on  the  continuous  phase  Is  raised 
causes  a  corresponding  decrease  In  the  dlsperse^phase  load  on  the  column. 

Interchanging  the  phases  has  no  perceptible  effect  upon  the  changes  In  the 
column's  limiting  load  due  to  flooding,  which  agrees  with  our  visual  observations 
described  earlier. 

Evaluation  of  Besults 

In  an  earlier  paper  [^],  analysis  of  the  dimensionality  of  the  variables 
that  govern  the  flooding  of  extractors  yielded  a  functional  relationship  that 
made  It  possible  to  determine  the  rates  of  phase  flow  at  which  flooding  occurs. 

The  accumulation  of  fujrther  experimental  material  now  enables  us,  however, 
to  refine  the  equation  advanced  previously  and  to  make  It  more  generally  appllc* 
able  to  various  liquid  systems. 

Consideration  of  the  Individual  factors  affecting  the  load  limits  of  packed 
extraction  columns  enables  us  to  chart  the  path  for  generalizing  our  research 
results. 

The  ratio  of  the  volumetric  rate  of  flow  of  the  continuous  phase  (vg)  that 
of  the  disperse  phase  (v^)  will  depend  upon  the  magnitude  of  the  interacting 
forces  In  the  two  streams.  These  forces  will  he  the  gravity  pull  of  one  liquid 
and  the  corresponding  upward  thrust,  determined  by  the  difference  between  the 
specific  gravities  of  the  phases,  the  frictional  forces,  and  the  surface  tension. 

The  effect  of  the  gravity  pull  Is  given  by  the  Froude  criterion  (Fr) ,  the 
upward  thrust  by  the  Archimedes  simplex  (At),  the  frictional  force  by  the  Reynolds 
criterion  (Re) .  and  the  surface  tension  by  the  Weber  criterion  (We). 

Hence,  la  the  most  general  state,  we  get  the  following  function: 

v^ 

^  »  f  (Fr^,  FTc,  At,  Re^,  Reg,  We^,  Wee**.). 

But  If  we  Introduce  the  differences  between  the  physical  variables  for  the 


706 


liquids  constituting  the  phases  Instead  cf  the  absolute  values  of  these  physical 
variables,  and  express  the  linear  phase  velocity  by  the  linear  velocity  of  the 
continuous  phase,  as  Is  usualiy  foxa  in  determining  the  cross  section  of  an 
extraction  column,  the  function  given  abore  may  be  simplified  considerably. 
Moreover,  combining  the  Individual  criteria  results  In  further  simplification 
of  the  ap^arance  of  this  function.  ^  2 

The  Troude  criterion  Is  given  by  the  expression:  7t  «  vhere  V  Is 

gd  c 

the  linear  of  the  continuous  phase  In  meters/sec,  d  Is  the  equivalent  diameter 

UF  * 

of  the  packing  In  meters,  equal  to  — ,  In  vhlch  P  Is  the  free  volume  of  the 
/  S'* 

packing  In  cu  m/cu  m,  and  S  Is  the  packing  surface  In  sq  m/cu  m. 

tc 

The  Archimedes  simplex  has  this  fora:  where  Is  the  specific 

gravity  of  the  continuous  phase  In  kg  per  cu  m,  and  L\  *^ls  the  difference  between 
the  specific  gravities  of  the  continuous  end  disperse  phases.  In  kg  per  cu  m. 

V^*dPc  y  2dP 

The  Reynolds  criterion  Re  »  -7:- — ,  combined  with  the  Weber  criterion  We  » 

daWc  •  —  ® 

yields  the  criterion  ‘  ^  which  expresses  the  effect  of  the  liquid  viscosity  a/a 

and  the  system’s  surface  tension  O’  at  a  velocity  of  the  continuous  phase  given 
by  ¥c. 

Inasmuch  as  the  linear  velocity  of  tbe  continuous  phase  W-,  enters  Into  both 
the  Froude  criterion  and  the  criterion  —— — ,  dividing  the  Froude  criterion  by  the 

Wg  ^  -  * 

latter  yields  the  new  criterion  • 

.  Thus,  the  final  form  of  the  hydrodynaalcal  equation  for  packed  extraction 
columns  Is: 

le  ^  M 

^  -  vg*d*f^  t\}  ' 

We  have  established  the  shape  of  this  function  experimentally. 

Plotting  the  ratio  of  the  ^olumetrlc  rate  of  flow  of  the  continuous  phase 
to  that  of  the  disperse  phase,  jcrg,  at  the  column’s  load  limit  along  the  axis  of 
•  •  •  *  Wc  .')rc\o-y  5  \o-2 

abscissas  In  a  logarithmic  anamorphosis,  and  the  expression  N  =  J  \^) 

along  the  axis  of  ordinates  for  various  systems  of  liquids  and  packings,  we  get 
Fig.  9,  In  which  we  sec  that  the  experlnectal  points  are  grouped  about  a  single 
CUITVC 

In  the  complex  expression  given  above,  W^  Is  the  linear  velocity  of  the  con¬ 
tinuous  phase  at  the  flooding  stage,  referred  to  the  complete  cross  section  of  the 
column-  Its  dimensions  are  meters  per  secood. 

This  generalized  expression  may  be  regarded  as  fairly  reliable,  when  It  Is 
realized  that  the  ratio  of  the  volumetric  r^tes  of  flow  was  measured  over  a  range 
extending  from  0.1  to  20,  1  .e. ,  a  ratio  of  200  to  1,  the  surface  tension  being 
measured  from  If. 14-4  to  73.5,  or  16.6  to  1,  the  difference  In  viscosity  from  0.322 
to  0.687,  or  2.15  to  1,  and  the  difference  in  specific  gravities  from  20  to  275, 
or  l4  to  1;  and  that.  In  addition,  the  phases  were  Interchanged.  It  should  also 
be  noted  that  In  this  generalization  we  employed  not  only  experimental  data  on 
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sjstemB  conslstiag  of  tvo  pure 
Ilqulda,  but  also  data  on  sys¬ 
tems  consisting  of  tvo  liquids 
vlth  a  substance  distributed 
between  them.  On  the  basis  of 
the  foregoing,  the  load  llialts 
of  packed  extraction  columns  ~ 
the  velocities  of  the  continuous 
phase  at  the  flooding  stage 
are  calculated  as  follows.  Given 
the  extractor  output  and  the  con¬ 
centration,  the  ratio  of  the 
rates  of  phase  flow  are  calcu¬ 
lated  from  the  material  balance: 
C4 


^c 

n 


where  V 


'Id-^'fd 


'Ic  ^fc 


are  the  volu- 


^  and  V, 

metric  rates  of  flow  of  the 
continuous  and  disperse  phases, 
respectively.  In  cu  m/sq  m/ 
hour;  and 

Cf^  are  the  Initial  and  final 
concentrations  of  the  dissolved 
substance  In  the  continuous 
and  disperse  phases  In  kg/cu  m. 


Once  the  ratio 


Ic 

Id 


has 


Fig.  9.  Generalized  curve  for  calculating 
the  load  limits  of  extraction  columns. 

Vc 

A  -  the  complex  expression  N  »  '^57^ 

B  -  ratio  of  the  volumetric  rate  of  flow  of  the 
continuous  phase  to  that  of  the  disperse  phase, 
Zc 

Zd- 

Notation  for  the  disperse  and  continuous  pliase, 
respectively:  1  —  water  —  benzene;  2  —  xylene 

-  water;  2  "  water  —  xylene;  —  toluene  - 
water;  5  ”  Isopropyl  ether  —  water;  6  — 
aqueous  acetic  acid  —  benzene;  J  “•  benzene 
aqueous  acetic  acid;  8  —  aqueous  acetic  acid 

—  benzene;  2  “  chlorobenzene  —  phenol  dissolved 
In  hydrochloric  etc  Id. 


been  found,  the  value  of  the 
complex  expression  N  Is  found 
from  Figure  9»  The  value  of 
N  Is  used  to  calculate  the  limiting  velocity  of  the  continuous  phase: 

w  N-g-d-^yO-5.(f  gjO 


>  o* 
*  c 


5  O* 

.d 


meters/sec. 


The  diameter  of  the  extractor  column,  dimensioned  for  the  limiting  velocity. 
Is  found  from  the  equation: 


<ik- 


UGc 


meters. 


3600*3. 14-Wc-Vc 

where  G^  Is  the  gravimetric  rate  of  flow  of  the  continuous  phase.  In  kg  per  hour. 

When  fixing  the  diameter  of  the  extractor,  the  velocity  of  the  continuous  phase 
Wg  —  should  be  taken  some  20-255^  below  the  velocity  as  given  by  Fig. 9  In  order  to 
avoid  flooding  of  the  packing. 


6,  figures  In  the  literature  7^8/9^  author's  figures, 


708 


.  LZTERAIURB  CUED 

[ll  A.  H.  Planovsky  and  V.  V.  Kafaror,  J.  Chem.  Dad.  ^9l^5,  6, 

.  .  JF*  Sherwood,  J.  B.  Evans,  I.  V.  A.  Longcor,  Ind*  Eng. 

lHA  (19390. 

(3l  I-  H.  Perry,  Chea.  Eng.  Handbook,  H.  I.  1268  (1941). 

(V]  A.  P.  Colburn,  Tr.  Am.  Inst.  Chen.  Eng.  38,  336  (1942). 
[3]  H.  M.  Zhavoronkov,  J.  Chen.  Ind.  1948,  9. 

[6]  A.  H.  Planovslty  and  V.  V.  Kafarov,  J.  Chen.  Ind.  1946,  A, 
(7l  Technical  Encyclopedia  Handbook,  Vols.  V,  X  (1949). 


709 


'  BS40V1RG  SERICIH  FROM  RAW  SIUC  BY  MEANS 
OF  SOIOTIOHS  CCHJTAIRING  THE  PRODUCTS  OF  SERICIN  HYDROLYSIS 


y*  lrestlii8lcay&  and  M>  B*  Almukhamedova 


Laboratory  of  Colloid  Chemistry,  Chemical  Institute  of  the  Kirghiz  Branch 
of  the  USSR  Academy  of  Sciences 


The  research  set  forth  below' vas  undertaken  In  response  to  the  demands  of  the 
textile  Industry,  which  required  a  cheaper  method  of  removing  serlcln  from  silk 
fabric  than  the  soap-and-soda  used  at  the  present  time.  Most  of  the  attempts  to 
find  a  substitute  for  soap  Involved  a  seeurch  for  a  salt  whose  solution,  like  the 
soap  solution,  would  have  a  weakly  alkaline  reaction  and  buffer  properties  (soda, 
sodium  silicate,  sodium  phosphate,  etc.).  Other  methods,  using  a  solution  of 
caustic  soda  [1,2],  a  soda  ~  sulfite  solution  [3],  and  a  sulfide  solution  [4,5], 
have  been  proposed  Instead  of  the  method  employing  a  soap-and-soda  solution. 

Efforts  to  employ  proteolytic  ferments  did  not  yield  any  worthwhile  results  (a,Tl, 

Research  undertaken  by  one  of  the  authors  of  the  present  paper  [a]  on  the 
fractional  composition  of  a  serlcln  solution  revealed  the  ability  of  the  A  and  B 
fractions  to  turn  Into  B  and  A  fractions  Interchangeably,  depending  upon  the 
experimental  conditions.  It  vas  shown  that  It  vas  possible  to  convert  the  more 
soluble  fraction  B  Into  the  less  soluble  fraction  A.  Since  this  conversion  took 
place  during  the  dialysis  of  the  serlcln  solution.  It  was  Inferred  that  the 
different  fractions  were  Interrelated  by  the  amount  of  stabilizer  present  at  the 
surface  of  the  micelles,  rather  than  by  the  degree  of  their  dispersion.  In  dialysis, 
part  of  the  stabilizer,  which  possesses  true  solubility,  removes  the  fraction  B 
from  the  micelles,  thus  Increasing  the  percentage  of  the  fraction  A. 

The  stabilizer  Is  transferred  to  the  dlalyzate  waters,  and  as  It  must 
exhibit  a  peptizing  effect  upon  serlcln.  Its  presence  may  be  disclosed  by  comparing 
the  action  of  the  dlalyzate  waters  upon  raw  silk  with  that  of  distilled  water.  As 
a  matter  of  fact,  under  otherwise  Identical  conditions  the  dlalyzate  waters 
removed  33^  more  seracln  than  the  water  did. 

The  objective  of  the  present  section  of  our  research  has  been  to  learn  whether 
there  was  any  possibility  of  practically  utlllzatlng  the  foregoing  observations. 

EXPERIMENTAL 

The  solutions  containing  the  nroducts  of  serlcln  hydrolysis  were  prepared  In 
two  waysi  1)  a  weighed  sample  of  •vests"  or  damaged  cocoons  was  placed  In  distilled 
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vater  (8  or  l6  grams  per  1000  ml  of  vater)  and  alloved  to  stand  for  0  days  at 
room  temperature,  after  vhlch  the  solution  vas  filtered  through  a  paper  filter^ 

2)  a  colloid  solution  of  serlcln  vas  prepared  hy  boiling  a  weighed  sample  of 
damaged  cocoons  In  distilled  vater  (8  or  l6  grams  per  '1000  ml  of  vater)  for  3 
to  3  hours  filtering  the  solution,  and  then  rebelling  the  solution  for  2<-3  hours. 

The  solutions  prepared  by  both  methods  vere  cloudy.  Dialysis  tests  shovea 
that  these  solutions  contained  a  colloid.  Analysis  disclosed  the  presence  of 
serlcln  In  the  solutions  (precipitation  with  alcohol^  positive  biuret  reaction) 
plus  various  products  of  Its  hydrolysis  (determination  of  the  total  nitrogen, 
the  nonprecipitating  nitrogen  and  the  amlno-aold  nitrogen).  The  pH  of  all 
solutions  for  vhlch  It  vas  determined  vas  close  to  7  (8,  3,  &nd  7*3)  • 

The  solutions  obtained  by  steeping  the  silk  In  vater  at  room  temperature 
had  a  much  lover  concentration  of  nltorgenous  substances  (serlcln.  In  particular) 
than  the  solutions  prepared  by  boiling:  the  former  contained  0.3  to  1  mg  total 
nitrogen  per  30  ml  of  solution,  while  the  latter  had  10  to  20  mg  of  nitrogen; 

30  ml  of  the  former  solutions  contained  no  more  than  0.43  mg  of  serlcln,  while 
the  latter  often  contained  more  than  14  mg  of  serlcln. 

The  action  of  the  solutions  vas  tested  with  raw  crepe  de  chine.  A  sample 
of  the  fabric  vas  weighed  on  the  analytical  balance  In  the  alr-drled  state. 

The  moisture  content  of  the  raw  silk  was  determined  periodically  In  order  to  be 
able  to  find  the  weight  of  the  absolutely  dry  fabric.  The  weighed  sample  of 
silk  vas  refluxed  with  the  test  solution  for  2-3  hours.  Then  the  silk  sample 
vas  washed  In  hot  distilled  vater,  dried  at  IO3-IIO*,  and  weighed  In  a  small 
box.  lib  constant  bath  factor  (ratio  of  the  weight  of  the  fabric  to  the  weight 
of  the  solution)  vas  maintained  In  the  first  tests* 

TABIZ  I 

Besults  of  Tests  of  the  Removal  of  Serlcln  From  Raw  Silk 


Date  of 

Absolute  dry 

Weight  of 

- 1 

Serlcln 

removal 

preparation 

'of 

solution 

weight  of 
raw  silk,  g 

fabric  after 
treatment,  g 

_ 

Ml  of  ‘Hours  of 
solution  jbolllng 

3y  solution 

By  water 

g 

per 

cent 

1 

•  ®  1  cent 

31  ▼  1945 

0.5082 

0.3694 

200  i  3 

0.1388 

27.31 

Water  |  0.4741 

31  V  1945  !  0.4200 

0.4084 

200  1  3 

100  :  2 

100  1  2 

200  !  3 

0.0657;  15.27 

1 

0.3212 

0.0988 

23.52* 

Water 

28  V  1943 

0.3204 

0.4057 

0.2852 

0.3146 

0.0911 

22.45 

0.0352i  10.98 

j 

Water 

0.4087 

0.3666 

200  3 

0.0421  10.3 

7  IX  1945 

0.3172 

0.2370 

»  100  43  I0.O802 

25.28 

The  results  of  tests  of  solutions  prepared  from  "vests  "  at  room  temperature 
are  given  In  Table  1.  The  moisture  content  of  the  raw  silk  was  5.79^.  The  data 
of  preparation  of  the  solution  refers  to  the  date  when  Its  preparation  vas  completed 
and  usually  indicates  the  time  the  test  vas  run. 

As  we  see  from  Table  1,  the  solutions  prepared  by  steeping  the  'Vests  " 
removed  serlcln  efficiently.  The  percentage  of  serlcln  In  the  fabric,  as  determined 
by  boiling  the  raw  silk  for  many  hours,  was  26fi,  The  fabric  from  which  26^  of 
serlcln  had  been  removed  vas  dyed  lemon-yellow  by  plcrocarmlne. 


Parallel  tests  In  which  the  fabric  was  boiled  In  water  yielded  a  much  lower, 
percentage  of  serlcln  removal.  The  difference  between  the  action  of  the  solntloB 
and  that  of  watjer  was  11  to  12)l. 

The  solution  cited  on  the  last  line  of  Table  1  was  used  In  an  experiment.  aiae£ 
at  determining  whether  the  bolled-out  bath  could  be  re-used.  Four  weighed  saa^lM^ 
of  silk  were  placed  successively  In  the  same  solution.  The  bath  was  not  strengtheimt 
In  any  way,  as  Is, done  In  Industry.  The  results  are  listed’ In  Table  2. 

TABU  2 

Besults  of  Experiments  on  the  Repeated  Utilization  of  ''Vest*  Solutions 


Ho.  of 

Fabric  sample 


Hours  of 
boiling 


0.2579 


0.2252 


«  0.0327  I  12.67 


The  flgxires  In  Table  2  Indicate  that  the  solution  cannot  be  re-used;  after 
the  processing  of  the  first  sample,  from  \rtilch  practically  all  the  serlcln  was 
removed,  the  activity  of  the  solution  falls  off,  continuing  to  fall,  as  we*  see  In 
Runs  3  &Qd  U. 

The  results  of  tests  using  a  solution  prepared  by  steeping  damaged  cocoons  for 
5  days  at  room  temperature  are  given  in  Table  3» 

TABLE  3  . 

Results  of  Tests  Using  a  Solution  of  Damaged  Cocoons 


0.1877 

0.1926 

O.196U 

0.1876 


0.1476 

0.1466 

0.1482 

0.1450 


1:50  I 
1:100  J 
1:150  I 
1:200  i 


0.0401 

0.0459 

0.0482 

0.0426 


Per  cent 


21.40 

.23.80 

24.5 

23.0 


The  solution  prepared  from  damaged  cocoons  yields  about  the  same  percentage  0^' 
serlcln  removal  as  the  solutions  made  from  « vests* 

The  tests  listed  in  Table  3  were  made  at  four  different  bath  factors  and  showedi 
that  a  bath  factor  of  1:100  could  be  employed  henceforth,  since  any  further  Incrwise 
in  the  amount  of  solution  used  causes  no  i>erceptible  Increase  in  the  percentage  of 
serlcln  removed.  We  usually  retained  this  bath  factor  in  our  subseiiuent  research. 

The  experiments  using  serlcln  solutions  prepared  by  boiling  damaged  cocoons  In 
water  are  listed  in  Table  4. 

The  figures  in  Table  4  Indicate  that  freshly  prepared  colloidal  solutions  of 
serlcln  either  possess  slight  activity  (Solutions  5  and  8)  or  possess  an  activity 
equal  to  that  of  distilled  water  (Solutions  2  and  4).  Additional  boiling  increased 
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TABI3  k 

Bcsulta  of  Tests  Using  Solutions  Prepared  by  Bolling  Damaged  Cocoons  In  Water 


Solution 

Ho. 


Per  cent  sericin  removed  | 

Fresh 

Solution 

Boiled 

Solution 

Additional 

boiling. 

Hours 


the  activity  of  the  solution.  Bolling  the  solution  accelerates  Its  hydrolysis, 
increases  the  percentage  of  hydrolysis  products,  and  ought  to  Increase  the  pep* 
tlzlng  action  of  the  solution.  But  as  ve  see  In  Table  4,  the  Increase  In  activity 
dpes  not  always  parallel  the  additional  boiling. 

We  see  from  the  tests  cited  In  Tables  1,  2,  3#  4  that  solutions  prepared 

In  various  ways,  but  all  containing  products  of  serlcln  hydrolysis,  remove 
practically  all  the  serlcln  from  raw  silk.  It  was  a  great  temptation  to  utilize 
these  solutions  In  the  baths  of  the  finishing  shop- of  a  silk  plant.  The  silk 
would  then  be  degummed  without  the  consumption  of  any  expensive  soap  or  of  any 
other  chemical  reagent.  Preparation  of  the  solution  would  require  nothing  but 
the  raw  materials  of  production  ''’vests*  and  cocoons)  and  water.  We  proposed 
to  use  nothing  but  production  waste;  scrapped  cocoons  and  'vests".  In  preparing 
our  solution.  After  the  solution  had  been  prepared  and  filtered,  the  used  waste 
silk  could  be  shipped  off  for  silk  waste  utilization  so  that  even  this  raw  material 
was  not  lost. 

Preparing  the  solutions  by  steeping  silk  wastes  at  room  temperature  proved 
to  be  more  economical  than  preparing  the  solutions  by  boiling.  We  had  to  learn 
how  to  fortify  the  bath  and  find  out  whether  enough  "vests"  and  scrap  cocoons 
were  obtainable  In  production.  It  was  suggested  that  composition  of  the  basin 
water  of  the  silk-reeling  room  ought  to  approximate  that  of  the  solutions  we  had 
prepared.  Since  this  research  was  performed  In  Kirghiz,  we  got  In  touch  with 
a  silk  plant  In  1947* 

The  Inadequate  equipment  of  the  plant's  laboratory  gave  rise  to  considerable 
difficulty  in  carrying  out  our  research,  so  that  only  three  experiments  were  run, 
their  results  being  listed  In  Table  5* 


TABLE  5 

Besults  of  Tests  Employing  Various  Solutions 


Solution 


Sericin  removed 


Per  cent 


I  23.05 

I  22.19 


As  we  see  from  Table  5#  the  best  results  —  complete  removal  of  the  serlcin  — 
were  obtained  when  the  raw  silk  fabric  was  treated  with  the  waste  waters  of  the 
reeling  room.  It  Is  foun^,  .therefore,  that  the  solution  we  have  Investigated  In 
the  laboratory  Is  continuously  prepared  In  the  normal  process  of  production  In  a 
silk  plant.  We  were  unable  to  make  tests  on  a  semloplant  scale,  since  the  flnlshli 
shop  was  not  yet  In  operation  at  the  silk  plant  at  the  tlme.^  In  making  our  labora^ 
tory  tests  with  solutions  prepared  by  steeping  cocoons  In  water  at  room  tempera¬ 
ture  we  ran  Into  the  following  difficulty;  though  all  the  experimental  conditions 
were  kept  constant,  we  secured  satisfactory  solutions  in  some  Instances,  and 
Inactive  ones  In  others  (Table  6). 

TAfilZ  6 

.  .  Besults  of  Tests  With  Solutions  Secured  by  Steeping  Cocoons 


Sericln  removed 
from  the  fabric 


g 


Date  of 

>  Absolute  dry 

Weight  of 

1 

preparing 
the  solution 

1  weight  of  the 

fabric  after 

Eath 

j  raw  fabric,  g 

treatment,  g 

1 

Factor 

10  XI  19^5 
9  I  19^ 
k  II  191*6 
9  II  191*6 
10  VI  191*6 
22  V  191*6 
10  VII  191*6 
1  X  191*6 
X  191*6 
19  XI  191*6 
28  XI  191*6 
8  I  191*6 


0.3101 

0.2957 

0.2291 

0.2548 

0.2703 

0.2209 

0.2142 

0.1755 

0.1759 

0.2012 

0.1935 

0.2405 


0.2658 

0.2438 

0.1932 

0.2182 

0.2049 

0.1608 

0.1640 

0.1304 

0.1308 

0.1594 

0.1490 

0.1942 


1:100 

1:100 

1:100 

1:100 


*  0.0443 1 
0.0519; 

0.0359 ‘• 
0.0366• 
0.0654* 
0.0511. 
; 0.0502 
;  0.0451 
I  0.0451’ 
i 0.0418, 
i  0.0445, 
^0.0463- 


14.2 

17.5 

15.7 

14.3 
24.19 

23.13 

20.4 

25.79 

26.68 

20.77 

23.0 

19.3 


The  wide  fluctuations  In  the  per  cent  of  sericln  removed  observed  In  the  tests 
recorded  In. Table  6  may  be  due  to  a  much  greater  effect  of  an  Increase  In  the  bath 
factor  than  would  follow  from  the  data  In  Table  3*  In  tests  of  Table  6,  the 
highest  percentage  of  sericln  was  removed  at  bath  factors  that  were  higher  than 
1:200.  It  may  be  that  this  rising  effect  of  the  bath  factor  Is  present  only  In 
solutions  of  low  activity,  containing  an  insufficient  percentage  of  the  peptizer. 
This  observation  compelled  us  to  undertake  further  investigations  to  ascertain 
the  chemical  nature  of  the  active  substance  and  to  determine  its  percentage  In 
the  solution. 

SUMMARY 

1.  It  has  been  found  that  all  solutions  that  contain  the  products  of  the 
hydrolysis  of  sericln,  though  prepared  In  different  ways,  remove  practically  all 
the  serlcin  from  raw  silk  when  the  latter  Is  boiled  In  these  solutions  for  a  few 
hours,  provided  the  solution  contains  enough  of  the  sericln  hydrolysis  products 


Tests  were  made  on  a  semi-plant  scale  (using  50  meters  of  crepe  de  ChlneJ  In 
the  summer  of  1949}  bhe  waters  of  the  reeling  room  degummed  the  silk  completely. 


to  impart  active  properties  to  the  solution. 

2.  All  active  solutions  are  distinguished  from  the  solutions  customarily 
employed  to  degum  raw  silk  by  being  neutral  (their  pH  ranging  from  6.^  to 

3«  The  mechanism  Involved  in  the  removal  of  sericin  from  silk  nay  be  regarde 
as  a  process  of  peptizing  the  sericin  in  the  fabric  by  the  products  of  its  own 
hydrolysis,  present  in  solution  and  acting  as  a  stabilizer  of  the  colloidal  solutl 
of  sericin.  It  may  be  that  even  in  the  degummlng  of  silk  with  soap,  the  sericin  i 
removed  in  the  same  way,  the  alkaline  medium  being  required  solely  to  create  the 
necessary  percentage  of  stabilizer. 
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ACTIVATIRG  HYDROLYSIS  LICailN  BY  PROCESSING  IT  IH  VARIOUS  WAYS 


H.  0.  Mendllna 


^le  raw  naterlal  used  to  secure  sulfite  cellulose  extreicts  Is  sulfite  cellulose 
liquor,  vblch  contains  many  deleterious  substances  In  addition  to  the  basic  tanning 
constituent:  llgnosulfonic  acid  (5-7^)  •  This  has  made  It  necessary  to  search  for 
other  raw  materials  superior  to  sulfite  cellulose  liquors. 

The  lignin  left  undlssolved  In  the  hydrolysis  of  wood  by  mineral  acids  under 
pressure  may  serve  as  a  new  kind  of  raw  material.  The  efficient  utilization  of 
hydrolysis  lignin  Is  of  practical  Interest,  for  this  raw  material  is  more  homogen¬ 
eous,  more  concentrated,  and  not  In  short  supply  -  all  of  which  make  It  utlllzable 
In  the  leather  and  other  Industries.  • 

Hydrolysis  lignin  Is  secured  after  It  Is  separated  from  wood  by  weak  mineral  • 
acids  under  pressure  at  high  temperature,  all  the  carbohydrates  dissolving  and  the 
lignin  remaining  as  the  Insoluble  residue.  The  lignin  Isolated  by  various*  re  sear  che 
[i]  Is  more  or  less  greatly  changed  and  Is  much  more  Inert  than  natural  lignin. 

This  Is  explained  by  Freudenberg  as  follows:  In  the  Isolated  lignin  the  units  are 
not  connected  together  by  an  ether  linkage,  as  In  natural  lignite,  but  by  condensa¬ 
tion  and  polymerization,  'giving  rise  to  high-molecular  substances  that  react  vlth 
difficulty  with  various  chemical  reagents  [2]- 

In  the  recovery  of  lignin  from  wood,  condensation  takes  place  within  the  • 
molecule  In  some  Instances,  while  In  others  the  hydroxyl  and  carboxyl  groups 
responsible  for  Its  solubility  are  either  greatly  changed  or  dlsappeeu*  completely. 

Ve  know  that  lignin  Is  partially  sulfonated  by  strong  sulfurlc^acid,  a  dlfflcul'y.y 
soluble  sulfonic  acid  being  produced.  *  * 

When  acted  upon  by  concentrated  hydrochloric  acid  for  a  long  time,  lignin 
loses  Its  ability  to  be  methylated,  which  may  be  due  to  the  partial  ring-closure 
of  the  hydroxyl  groups.  According  to  Hegglund,  lignin  hydrochloride  remains 
Insoluble  when  heated  with  bisulfite  In  the  digestion  process.  When  lignin  Is 
treated  with  alkali,  only  12-llf^  dissolves,  the  phenolic  hydroxyl  groups  of  the 
lignin  forming  phenolates.  Processing  Isolated  lignin  with  phenols  and  chlorine 
yields  a  high  percentage  of  lignin  derivatives  that  are  water- Insoluble  but  are 
soluble  In  organic  solvents. 

It  should  be  added  that  research  methods  In  which  the  hydrolysis  lignin  Is 
substantially  changed,  such  as  sulfonation,  sulfitization,  processing  with  phenols 
and  chlorine,  may  entail  many  difficulties  in  experimental  procedure  and  can 
merely  roughly  outline  the  path  to  be  followed  in  converting  It  into  the  soluble 
state. 
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Our  research  had  as  its  objective  the  activation  of  hy-drolysls  lignin  and 
its  conversion  into  the  soluble  state  by  the  methods  of  sulfonatlon,  sulfltlza- 
tlon,  chlorination,  and  phenol  treatment.  At  the  same  time  we  investigated  the 
chemical'technological  and  tanxiing  properties  of  the  soluble  lignin  products 
thus  produced  and  of  the  condensation  products  of  the  lignin. 

EXFCRIMEIITAL 

'  Before  we  started,  the  hydrolysis  lignin  (which  contained  71  moisture, 
was  strongly  acid,  and  was  dark-brown  in  color)  was  washed  to  free  it  of  its 
acid  and  then  air-dried  until  its  moisture  content  was  17*8^.  The  washed  lignin 
was  lighter  in  color,  contained  0.7^  ash,  dnd  was  insoluble  in  water  or  in  organic 
solvents.  Dissolving  it  in  1^  alkali  by  refluxing  it  on  a  water  bath  for  2  homrs 
yielded  23^  of  solubles.  The  alkaline  extract  of  lignin  was  brown,  exhibited  a 
''  reaction  with  aniline,  had  a  pH  of  4.3,  precipitated  gelatin,  and  was  unstable 
when  acidified. 

Sulfonatlon.  The  method  of  sulfonating  humic  acids  was  employed  in  sulfo- 
nating  the  hydrolysis  lignin,  owing  to  its  resemblance  to  these  eiclds  in  some 
respects. 

The  lignin  was  sulfonated  with  10^  oleum  (Tests  1-6),  20^  oleum  (Test  7)» 
and  strong  sulfuric  acid  (Test  8),  the  amount  of  eicld  used  being  1000^  of  the 
lignin  by  weight.  The  reaction  temperatures  were  10,20,  and  40*,  the  reaction 
lasting  2  to  3  hours.  The  sulfo  product  was  secured  as  a  thick,  dark  mass. 

The  excess  oleum  or  sulfuric  acid  was  removed  by  washing  the  sulfo  product  with 
a  small  amount  of  water.  The  washed  sulfo  product  was  again  dissolved  in  cold 
and  hot  water  until  the  resultant  slightly  colored  solutions  exhibited  no  reactions 
'with  gelatine.  All  the  solutions  were  filtered  very  slowly.  The  aqueous  extract 
of  the  sulfo  products  was  dark-brown,  strongly  acid  (pH  1.7  and  2.7),  and  of  low 
concentration;  it  reacted  with  aniline  and  precipitated  gelatine.  The  resultant 
solutions  were  alkallnized  with  soda  to  the  required  pH,  and  then  their  tanning 
properties  were  tested.  The  water- Insoluble  portion  of  the  sulfo  product  was 
quantitatively  collected  as  a  black  powder  and  dried  to  constant  wel^t. 

The  results  of  analysis  are  given  in  Table  1. 


TABIZ  1 

Results  of  Analysis  of  Lignin  Sulfo  Products 


Test 

No. 

j  Length  of 

; reaction,  hours 

Fraction 

temperature, 

•  C 

Insoluble  i 

residue,  %  of  j 
'  Initial  lignin  ' 

1  1 

!  Tannlde  yield, j 

j  $  of  the  1 

'  soluble  lignin' 

Quality 

1 

2  •  ' 

^  1 

10 

1  46.9  1 

1  6.4 

1.8 

2 

5 

10 

.  46.7 

1  19.3 

2.5 

3 

.  2 

20-25 

34.1 

44 .0  < 

5.0 

4 

5  1 

20-25 

=  32f.O 

;  67.1  ! 

8.2 

5 

40 

45.2  j 

i  15.1  : 

3.1 

6 

5  1 

40 

34.2  ' 

!  ■‘1.5 

5.8 

7 

2 

20-25 

24.1 

;  18.2 

3.9 

8 

5 

20-25 

!  50.7 

‘  17.0  » 

5.1 

9 

2 

20-25 

;  24.1 

^  J 

42.7 

10 

5 

20-25 

32.0 

[  — 

50.0 

11 

1  20-40 

— 

55.7 

12 

t  5 

1  20-25 

37-7 

*  50.1 

53.4 
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These  figures  Indicate  that  Increasing  the  tlire  of  sulfonatlon  with  10^ 
oleum  at  10  from  2  hours  to  5  hours  produces  hardly  any  change  in  the  percentage 
of  insolubles,  hut  does  Increase  the  yield  of  tan:.lde8  (Tests  1  and  2). 

At  20-25*,  prolonging  the  sulfonatlon  time  by  the  same  amount  (from  2  to 
5  hours)  diminishes  the  percentage  of  Insolubles,  but  Increases  the  yield  of 
tannldes  and  the  quality,  as  compared  to  the  figures  for  the  10*  test  (Tests 
3  and  k),  Sulfonatlon  at  UO*  does  not  increase  the  tan-lde  yield  or  the  qxaallty 
of  the  soluble  portion  of  the  lignin.  The  lignin  Is  evidently  partially  car¬ 
bonized  at  this  temperature. 

Sulfonatlon  vlth  20^1  oleum  (Test  7)  at  the  same  time  and  temperature  con¬ 
ditions  yields  the  lowest  percentage  of  Insolubles,  though  the  quality  of  the 
solubles  Is  not  improved.  Evidently,  all  that  happens  Is  that  a  larger  propor¬ 
tion  of  nontanulng  substances  enters  solution.  Proces.lng  the  lignin  with  strong 
sulfuric  acid  under  the  same  conditions  (Test  0)  yields  more  of  the  Insoluble 
product,  while  the  quality  of  the  soluble  prol;.jct  remains  unchanged. 

The  product  was  dialyzed  through  parchment  paper  to  remove  Its  ash  content. 
The  quality  of  the  product  was  improved  considerably  by  dialysis,  up  to 
or  8  to  10  times  as  high  as  In  the  tests  In  which  dialysis  was  not  employed 
(Tests  9-11)-  neutralization  of  the  sulfuric  acid  with  calcium  carbonate  until 
the  pH  was  the  value  required  for  analysis  Improved  the  q.allty  to  55-^^ 
Increased  the  tannlde  yield  to  50.1%  (Test  12).  The  coohi'ig  temperature  of 
the  tamed  leather  is  68. U*. 

These  flg’ores  Indicate  that  the  optlm-um  conditions  for  sulfonatlng  hydro¬ 
lysis  lignin  are  a  temperature  of  20-25*  ani  *•  reaction  time  of  5  hours.  The 
soluble  portion  of  the  sulfonated  lignin  (50-^5^)  is  not  a  high-grade  tanning 
agent  as  such,  as  Its  yield  and  quality  are  lew  -.olesj  dialysis  Is  used.  The 
high  ash  content  of  the  product  Interferes  with  diffusion  of  the  tannldes. 

Only  dialysis  or  processing  with  calclujn  carbonate  improves  the  quality  of  the 
tanning  agent  substantially.  These  tests  Indicate  that  thi*  hydrolysis  lignin 
has  lost  some  of  Its  hydroxyl  and  carboxyl  groups,  which  are  responsible  for 
Its  solubility  and  Its  better  tanning  properties. 

Sulfltlzatlon.  The  processing  of  wood  with  scdl..m.  sulfite  and  bisulfite 
Instead  of  calcium  bisulfite  is  fairly  widely  employed  in  industry  by  now.  The 
same  method  is  utilized  to  secure  tan:.lng  extracts  from  the-  h-mlc  acids  of  peat. 
Heggl^nd  (^)  asserts  that  this  method  of  digesting  tht?  wood  yields  a  lighter 
liquor  with  fewer  condensed  substances  and  les-'  ash  He  al=o  states  that  lignin 
hydrochlcr lie  behaves  like  natural  lignin  when  treated  with  sodi'ua  sulfite  and 
bisulfite.  Ellashberg  (*1  states  that  digesting  wo.d  wi^h  s..ifuric  acid  delig- 
nlfies  It  m;ch  bef’er  than  when  the  acid  contains  a  base  The  process  takes 
half  the  time  req..lred  when  0.p%  of  calcl  .-m  oxid-  is  pr^-sent. 

We  used  the  same  Initial  washed  lignin.  It  was  treated  with  sulfite,  a 
^8%  solution  of  tis.iflte,  and  a  mixture  of  the  two,  totaling  ^0  to  100^  of 
the  lignin  ly  weight.  The  processing  Involved  refl  .xlr*.g  at  r_3-120*  on  an 
Oil  bath  for  ^0  no’urs  and  In  an  autoclave  at  lUO*  ^or  12~^9  hours.  Despite 
the  ra'*her  st.-vere  processing  conditions,  equivalent  to  th-.;  conditions  used  in 
dlg.estlon,  hardly  any  of  the  lignin  dissolved. 

The  resld-al  insoluble  lignin  was  the  practically  ur.changed  original 
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lignin^  oerely  divided  and  yellow-brown  In  color .  ISie  lignin  treated 

with  sulfite  and  tLsujfl^e  was  condensed  with  formalin  and  furfural,  totaling 
50  and  lOOfi  of  tl»  lignin  by  weight.  .Condensation  was  effected  by  heating 
to  25“30*  In  an  in*>  medium  on  a  water  bath  for  7  hours,  to  115«120*  on 
an  oil  bath  for  2C  hours,  and  to  lUO*  In  an  autoclave  for  15  hours.  Condens¬ 
ation  with  formalix.  was  unsuccessful.  Condensation  with  furfural  under  ex¬ 
actly  the  cosritlons  In  an  alkaline  medium  produced  partial  dissolution 

of  the -lignin  -  17  to  33^  dissolving.  The  solution  was  brown,  precipitated 
gelatin,  and  reactssl  with  aniline. 

The  quality  of  the  product  ranged  from  17  to  20ft.  • 

Bie  hydrolysix  lignin  was  processed  with  7ft/  9ft,  and  3 *5^  sulfuric  acid 
In  a  bronze  autodsre  at  125'*  1^5*  fox*  2V  hours,  with  10  ml  of  25ft  ammonia  as 
a  catalyst,  but  nc  soluble  product  was  obtained. 

These  experlxsrts  show  that  hydrolysis  lignin,  as  a  greatly  changed 
product,  is  unaffscced  by  chemical  reagents,  even  under  rather  severe  con¬ 
ditions:  autoclarjzg  at  IU5*.  Evidently,  no  complete  sulfonatlon  takes  place, 
causing  the  produce  to  be  soluble.  Under  these  conditions  no  bisulfite  com¬ 
pound  of  the  llgnir  Is  formed,  as  the  result  of  a  reaction  between  the  sodium 
bisulfite  and  the  lignin's  aldehyde  group,  which  either  dlsappesured  completely 
In  the  tested  or  was  so  greatly  changed  as  not  to  react  under  the'se  con¬ 

ditions.  The  abssce  of  a  condensation  reeurtlon  likewise  Is  proof  of  the  dis¬ 
appearance  of  the  groups  responsible  for  condensation  in  the  molecule  of  the 
tested  lignin.  XII  these  data  bear  out  the  assertions  In  the  literature  to 
the  effect  that  snae  groups,  such  as  the  acetyls  and  formyls,  disappear  from 
the  lignin  during  ibs  separation  from  wood  and  that  the  reaictlvlty  of  this 
lignin  Is  lowered  ippreclably. 

It  Is  obvious  chat  sulfltlzatlon  of  hydrolysis  lignin  cannot  be  utilized 
to  recover  tanning  extracts  from  it. 

Chlorination.  We  know  from  the  literature  that  chlorination  of  wood  Is 
one  of  the  methods  ised  to  separate  the  lignin  from  the  cellulose;  It  Is  even 
a  method  of  quan tiat  1  ve ly  determining  the  lignin.  This  method  has  recently 
been  employed  on  ar  industrial  scale  to  produce  cellulose  from  straw  and  aspen- 
wood  [®].  Strong  J*1  found  that  when  wood  Is  chlorinated,  only  4  of  12  atoms 
of  chlorine  combins  with  the  lignin,  the  other  8  atoms,  that  Is,  67^,  forming 
Kl.  These  figures  indicate  that  chlorination  of  wood  involves  not  only  a 
substitution  reaccam,  but  the  following  oxidation  reaction  as  well: 

BE  +  CI2  HgO  — ►  ROH  +  2HC1. 

When  Holo^rg  [7^1  chlorinated  Isolated  lignin,  he  secured  a  non-homogeneous 
product . 

When  sulfate  lignin  Is  chlorinated  at  various  temperatures,  about  903^  of 
the  methoxy  groups  ire  split  off. 

It  Is  much  harier  to  reeurt  chlorine  chemically  with  pine.  This  difficulty 
of  chlorination  muse  be  even  greater  with  the  Isolated  lignin.  The  chlorination 
reaction  depends  inen  many  factors:  temperature,  moisture  content,  the  method 
employed  In  the  pr^-Iim Inary  processing  of  the  material,  and  the  chlorination 
time. 


The  experiments  were  run  at  20A0*  for  2-20  hours  after  the  preliminary 
processing  of  the  sawdust.  The  sawdust  was  steamed  by  heating  It  with  water 
for  2  hours  or  else  processed  with  l^t  alkali  In  the  cold  for  12  hours  and 
boiled  on  a  water  bath  at  95*  for  2  hours.  After  the  lignin  had  been  pro¬ 
cessed  with  alkali,  the  reagent  was  washed  out  of  It  with  water,  and  the 
lignin  was  sxxctlon-flltered  until  It  contained  10,  20,  and  30^  of  the  dry 
substance,  and  then  chlorinated  In  a  chlorlnator.  The  chlorine  entered  the 
chlorlnator  at  the  bottom,  thus  ensuring  the  uniform  chlorination  of  the  en¬ 
tire  masa. '  • 

The  lignin  was  suspended  In  water  and  chlorinated  in  a  round-bottomed 
flask  fitted  with  an  Inlet  and  an  outlet  tube.  In  some  of  the  experiments  the 
chloro  product  was  washed  during  chlorination  with  water  to  remove  the  hydro¬ 
chloric  aicld  formed,  as  well  as  the  water-soluble  oxidation  products  of  lignin, 
which  hinder  the  deeper  penetration  of  the  chlorine  Into  the  lignin  molecule. 
After  the  colored  lignin  had  been  washed,  chlorination  was  resumed.  After 
chlorination  was  complete,  the  free  chlorine  was  washed  out  of  the  chloro- 
llgnin. 

The  chloro  product  weighed  8.3-30.0%  of  the  Initial  lignin,  depending 
on  the  chlorination  time;  this  agrees  with  the  figures  In  the  literature. 

The  washed  moist  chlorollgnln  was  readily  rubbed  to  a  homogeneous, 
bright-red  mass,  which  did  not  look  like  the  original  lignin  at  all.  It  was 
Insoluble  In  hot  or  cold  water,  or  In  a  2^  or  stronger  solution  of  sulfite; 

It  dissolved  In  1^  caustic  alkali,  soda,  and  alcohol,  though  the  solution 
was  unstable  when  acidified.  To  secure  soluble  chlorollgnln,  it  was  extracted 
with  a  1^  solution  of  caustic  alkali  and  a  3%  solution  of  soda  in  the  cold  and 
then  refluxed  at  100*  for  2-5  hours.  The  resultant  alkaline  solutions  of 
chlorollgnln  were  dark-brown,  of  low  concentration  (1.5-2. 8*  Be),  and  strongly 
alkaline,  their  pH  ranging  from  6.5  to  10.  They  were  unaffected  by  acldul4tion 
with  acetic  acid  to  a  low  pH,  though  a  precipitate  was  thrown  down  when  they 

were  acidulated  to  a  pH  below  3.5  with  6%  sulfuric  acid. 

• 

All  these  solutions  exhibited  a  reaction  with  aniline  .and  precipitated 
gelatin.  We  see  from  our  test  results  (Table  2)  that  the  consumption  of 
alkali  In  th^  prellmlnsiry  treatment  of  the  lignin  totaled  12^,  the  consijnptlon 
of»alk£ril*ln  the  subsequent  extraction  likewise  being  rather  high,  varying  with 
the  chlorination  conditions. 


The  yield  of  soluble  products  was  as  high  as  70%,  fluctuating  with  the 
preliminary  treatment  employed  and  the  chlorination  conditions.  Increasing 
the  chlorination  time  from  2  hours  to  12  improved  the  quality  from  7.7%  to 
20.75^  and  Increased  the  tannlde  yield  from  12.5^  to  ^7-^^  (Tests  1-5)  •  Under 
these  conditions  chlorination  with  FeCla  as  a  catalyst  (Test  6)  did  little 
to  improve  the  process.  Chlorination  of  the  lignin  in  an  aqueous-alkaline 
medium  (Test  6)  yielded  a  quality  of  35-l^t  and  a  tannlde  yield  of  37-3%- 


table  2 


Besults  of  the  Aoalysia  of  Chlorollgnln  After  It  Had  Been  Treated  With  Alkali 


Test  Ho. 

Chlordbaa- 
tioa  Itine, 
hours 

Alkali  consumption, 

%  of  lignin 

Per  cent |Yield  of 
yield  of ;tannlde8, 
soluble  of  the 
chloro-  solubles 
lignin 

Quality, 

$ 

In  prelim¬ 
inary  pro¬ 
cessing 

In  extract¬ 
ing  the 
chlorollgnln 

1 

2’ 

11.8 

25.0 

1 

1 

72.2 

12.5 

7.7 

2  ' 

2: 

11.8 

23.2 

1 

65.3 

13.7 

12.4 

3 

12 

38.0 

i 

72.0 

*  20.0 

16.2 

k 

12 

11.8 

40.0 

1  42.0 

47.4 

17.9 

5  ^ 

12’ 

11.8 

80.0 

78.7 

i  21.5 

20.7 

6  * 

2I» 

23.0 

52.0 

i  62.6 

'  57.3 

35.1 

There  la  reaaaan  to  helleve  that  oxidation  ia  more  vlgoroua  under  theae  con- 
ditiona,  yielding  aaore  aoluble  producta  that  poasesa  better  tanning  propertiea, 
even  thou^  the  as&i  content  ia  higher. 

Theae  flgurear  Indicate  that  no  matter  vhat  condltiona  are  used  for  the 
chlorination  of  h^^olysls  lignin  and  the  ensuing  extraurtlon  of  the  chlorollgnln, 
tanning  extracts  tdst  possess  satisfactory  tanning  properties  cannot  be  secured 
by  the  chlorlnaticaa  method.  The  cooking  temperatiire  of  the  tanned  hide  was 
6^.8*,  which  la  ntnt  high  enough  for  a  good  tanning  agent.  The  ash  content  of 
the  chlorollgnln  Its  quality  were  about  the  same  as  those  of  chlorinated 
sulfite  cellulose  liquor.  Moreover,  the  method  of  chlorination  followed  by 
extraction  la  very  laborious  and  tedious  In  production. 

Processing  w&tfa  phenol.  This  Is  one  of  the  basic  methods  of  separating 
lignin  from  cellaiTfflise .  By  this  method  we  can  directly  obtain  a  condensation 
product  that  resecr^es  synthetic  tanning  agents.  The. carboxyl  group  of  the 
lignin  reacts  withu  the  para  hydrogen  atom  of  the  phenol.  The  reaction  rate 
depends  upon  the  suibstltuent  groups  In  the  phenol,  the  reaction  temperature, 
and  the  catalysts  easployed. 

For  this  condesnsatlon  we  used  anhydrous  phenol,  as  a  reagent  not  In  such 
short  supply,  and  the  same  Initial  lignin.  The  lignin  was  treated  with  the 
phenol  on  a  water  Thath  at  100*  for  6-12  hours,  the  phenol  —  lignin  ratios  used 
being  1:5  and  1:12-  0.07^  to  of  hydrochloric  acid  was  used  as  a  catalyst. 

Treatment  on  an  olH  bath  lasted  4  hours  at  120-130*,  8  parts  of  phenol  being  used 
per  part  of  lignlh,,  with  0.1^  of  sulfuric  acid  as  the  catalyst.  Under  these  con¬ 
ditions  the  reactijsn  product  was  a  homogeneous  violet-brown  liquid  mass.  Pro¬ 
cessing  the  reactlcm  mass  In  an  autoclave  at  lUO*  for  3  hoiors  turned  it  Into  a 
thick,  black,  tarr^  liquid.  Driving  off  the  excess  phenol  yielded  a  dark-brown 
powder  with  a  viora^t  tinge,  which  was  nonhygroscopic.  Insoluble  In  water,  and 
soluble  In  weak  a'L'kali,  Its  solution  decomposing  when  acidulated.  The  very 
appearance  of  the  n^sultant  substance  Indicated  that  the  lignin  molecule  had 
been  greatly  changed  due  the  condensation  process.  Phenol  totaling  8.3^  by 
weight  of  the  lignin  entered  into  the  reaction. 

Chlorlnat^ed  In  an  aqueous  medium. 

Chlorinatiesd  In  an  aqueous-alkaline  medium. 
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The  water* Insoluble  phenolllgnln  powder  was  treated  with  sulfite,  bi¬ 
sulfite,  and  a  mixture  of  these  two  reagents  at  atmospheric  pressure  and  at 
110*,  as  well  as  In  an  autoclave  at  lUO*  for  5  to  28  hours.  In  all  these 
tests  we  used  100^  of  the  reagents  by  weight  of  the  phenolllgnln.  Water* 
Insoluble  substances  were  secured  la  all  these  tests.  Only  when  the  pnenol- 
llgnln  was  processed  for  2d  hours  In  an  autoclave  at  140*  did  we  get  33^  of 
soluble  substances,  with  a  quality  of  39*31^«  Condensing  the  phenolllgnln 
with  acetaldehyde  In  an  acid  medium  likewise  yielded  Insoluble  products. 

Then  the  phenolllgnln  powder  was  subject  to  more  severe  treatment:  sulfo- 
natlon.  It  was  sulfonated  with  10^  oleum  (Tests  1-3  and  3*6)  and  with 
strong  sulfuric  acid  (Test  4),  the  acid  used  totaling  100^  to  200^  by  weight 
of  the  alr*dry  powder  emd  of  the  weight  of  the  liquid  product,  and  the  sul- 
fonatlon  lasting  3*3*3  hours,  with  stirring,  on  a  water  bath  at  23  to  100*. 
The  reaction  was  fairly  smooth  and  very  much  faster  than  with  the  original 
lignin. 

In  all  these  tests  the  sulfo  product  was  secured  as  a  thick  dark*red 
liquid  that  was  fully  soluble  In  water.  The  solutions  of  the  sulfo  products 
were  red-brown  and  strongly  acid  (pH  1.3-3) y  precipitated  gelatin,  and  ex¬ 
hibited  a  reaction  with  aniline. 

For  analysis,  the  solutions  of  the  sulfo  products  were  neutralised  to 
the  requisite  pH  with  calcium  carbonate.  The  results  of  analysis  (Table  3) 
showed  that  the  best  results  were  obtained  when  we  sulfonated  with  200%  of 
oleum  at  25  to  dO*  for  5  hours,  the  quality  was  55-0%»  "the  tannlde  yield 
70.4^,  and  the  cooking  temperat-re  of  tanned  samples  of  leather  73*1*  (Tests 
2  and  3)* 

TABI£  3 


Results  of  Analysis  of  Phenolllgnln  Sulfonated  Under  Various  Conditions 


Test 

No. 

Substance 

analyzed 

!  Amount  of 

1  reagent, 

as  %  of  the 
i  phenolllgnln 

Reaction 

temperature, 

•  n 

Tannide 

yield, 

* 

'.Quality 

% 

i 

Cocking 
temperature 
of  tanned 
leather 
samples ,  * 

1 

Phenol- 

200 

30-35 

66.3 

63.1 

2 

lignin 

200 

25-80 

70.4 

.  55.0 

73-1 

3 

powder 

200 

25-80 

68.5 

•  47.0 

69.2 

k 

\  100 

25*80 

34.5 

32.0 

67.3 

5 

Phenolllg*! 

1  100 

30 

16.0 

•  14.9 

62.5 

6 

nln-phenob 
mixture  1 

{  200 

100 

37.7 

17.0 

63.6 

7 

Free 

phenol 

1  200 

25*80 

10.4 

.  4.4 

When  the  liquid  phenolllgnln  product  mixed 

with  free 

phenol  was  sulfonated 

(Tests  5  6] 

,  the  sulfo  product  was  of  poor  quality  and  the  tannlde  yield 

vaji  low.  Hence,  free  phenol  Impairs  the  tanning  properties  of  the  phenolllgnln 
sulfo  product,  as  was  borne  out  by  a  blank  test  in  which  phenol  Itself  was  sul¬ 
fonated  under  the  same  conditions  (Test  7)- 
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'  Bence,  an  extract  vhose  quality  rauiges  from  U7.O  to  possessing 

»»»nn<ng  properties,  nay  be  secured  by  employing  a  simple  method  of  treating  * 
hydrolysis  lignin  vith  a  small  amount  of  phenol  for  ^-6  hours  on  a  vater 
bath  vith  or  82^4  used  as  a  catalyst,  and  then  sulfonating  the  con¬ 
densation  product  vith  oleum.  The  cooking  temperature  of  the  tanned  leather 
samples  is  73.1*  (that  of  samples  tanned  vith  a  sulfite  cellulose  extract 
being  60*) • 

Leather  tanned  vith  these  extracts  is  somevhat  better  than  leather  tanned 
vith  the  usual  sulfite  cellulose  extracts.  The  phenolllgnin  condensation  pro¬ 
duct  is  unaffected  by  sulfite  or  bisulfite,  vhich  is  not  the  case  vith  the 
condensation  products  of  hydroxy  derivatives  of  organic  substances  vith  the 
aldehydes.  This  is  further  evidence  that  the  hydrolysis  lignin  either  lacks 
the  aldehyde  complex  required  for  the  formation  of  a  vater-soluble  aldehyde- 
bisulfite  compound  or  else  the  original  lignin  is  already  so  condensed  and 
changed  as  to  be  unaffected  by  a  simpler  chemical  treatment. 

SUMMART 

1.  Bydrolysis  lignin  is  a  greatly  changed  substance,  almost  completely 
insoluble  and  containing  fev  hydroxyl  groups,  vhich  is  one  of  the  reasons  vhy 
it  is  chemically  inert. 

2.  Processing  hydrolysis  lignin  vith  sulfite,  bisulfite,  free  sulfuric 
acid,  or  chlorine  under  varying  conditions  cannot  be  used  to  secure  soluble 
tanning  agents. 

3.  Sulfonating  hydrolysis  lignin  vith  lO^t  oleum  yields  about  50^  of 
soltible  products  that  possess  tanning  properties  after  suitable  processing 
vith  calcium  carbonate.  The  quality  Is  ^2,7-55,7^,  and  the  cooking  temper¬ 
ature  of  the  tanned  leather  samples  68.^*. 

U>.  Processing  hydrolysis  lignin  vith  phenol  yields  a  vater- Insoluble 
condensation  product. 

5.  Subsequent  sulfonation  of  the  condensation  product  yields  a  fully 
soluble  tanning  agent.  Its  quality  Is  47-55^,  and  the  cooking  tine  of  tanned 
leather  samples  ranged  ftrom  69.2  to  73.16".  The  method  of  preparing  this 
tanning  agent  is  fairly  simple,  and  Its  quality  Is  higher  than  that  of  the 
sulfite  cellulose  extract. 
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THE  rcBTAERYTHRITIDE  OF  TALL  OIL  FATTI  ACIDS 


▼.  D.  JOuidovlkoT 

Central  Institute  oF  Wood  Chemistry  Research 


.Crude  tall  oil,  consisting  oF  resin  acids.  Fatty  acids,  neutral  sub¬ 
stances,  and  oxidation  products.  Is 'produced  by  the' action  oF  atcld  reagents 
upon  crude  sulFate  soap  —  a  by-product  oF  sulfate  cellulose  plants «  Crude 
tall  oil  Is  widely  employed  as  such  In  various  indus'tries  (soap,  dyes  and 
lacquers,  etc.);  In  addition  products  oF  higher  grade  may  be  made  from  It 
by  appropriate  processing. 

In  the  most  widespread  distillation  method  oF  treatment  [^],  For  In¬ 
stance,  Fractionating  crude  ta..!  oil  In  vacuo  with  superheated  steam  yields 
rosin,  tall  oil.  Fatty  acids,  and'  pitch.  Tall  oil  fatty  acids  (a  technical 
term)  are  a  mixture  of.  For  the  mnst  i>art.  Fatty  acids  (linolelc,  oleic,  and 
linolenlc  acids)  with  some  resin  acids  and  neutral  su'bstances;  they  are  used 
principally  In  the  manufacture  of  laundry  soap.  3y  now,  as  the  result  of  re¬ 
search  on  the  composition  of  the  fatty  constituents  of  crude  tall  oil  (^)>  It 
is  certain  that  the  predomlnatlug  acid  In  the  oil  is  not  oleic  acid,  but  rather 
linolelc  acid,  and  that  the  cccposition  of  the  fatty  constituents  of  tall  oil 
is  closest  to  that  of  the  drying  and  semidrying  oils  (linseed  and  perllla  oils), 
used,  as  we  know,  as  Film- forming  materials.  Thus  the  "tall  oil  fatty  acids 
may  be  another  source  of  high-grade  raw  material  for  the  manufacture  of  these 
latter  materials  [®].  Appropriate  processing  of  the  tall  oil  fatty  acids  yields 
constituents  For  any  type  of  lacquer;  reacting  them  with  metallic  oxides  yields 
esters  of  the  tall  oil  fatty  acids,  used  as  paint  vehicles  and  siccatives;  re¬ 
acting  them  with  polyhydric  alcohols  (glycol,  glycerol,  pentaerythrltol)  yields 
alkyd  resins  that  may  be  used  as  the  major  constituents  of  lacquers. 

The  domestic  literature  contains  several  papers  demonstrating  the  merits 
of  film-forming  materials  made  from  tall  oil  and  tall  oil  fatty  acids  via  the 
glycerides  [“*1.  To  produce  a  glyceride,  the  'tall  oil  fatty  acids  are  usually 
heated  to  250-270®  C  for  5-9  hours  with  11^  of  glycerol,  followed  by  a  short 
period  of  heating  to  300*  C.  The  resultant  glyceride  has  an  acid  number  of  10-15. 
It  has  been  found  that  the  glycerides  of  the  tall  oil  fatty  acids  are  a  satis¬ 
factory  substitute  for  linseed  oil.  It  was  then  leao-ned  that  atomicity  of  the 
alcohol  employed  in  esterification  has  a  profound  effect  upon  such  properties  of 
the  lacquer  film  as  its  hardness,  lustre,  and  drying  quality.  It  was  stated 
in  the  literature  that  the  production  of  alkyd  resin  by  ester Ifylng  penta- 

erythritol  yielded  resins  with  better  properties  than  by  esterlfylng  glycerol. 
Dipentaerythrltol,  tri pentaerythrltol,  and  mixtures  of  the  two,  are  also  em¬ 
ployed. 
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Ve^  aet  aa  our  objective  eatabllshlng  the  optiinuiB  conditions  ftor  producing 
the  pentaerytorltlde  of  tall  oil  fatt/  aclda  and  testing  Its  sultataiflUtar  as  a 
fllffl'formlng  material. 

Ve  Investigated  the  variation  of  the  rate  of  esterification  oT  t2be  tall  oil 
fatt/  acids  vlth  the  alcohol  employed  In  esterification,  the  tempesatsre  and  time 
of  the  process,  and  the  resin  acid  content.  Other  factors  affectiz&g  ttke  rate  of 
esterification  (percentage  of  esterlfled  aclda  and  alcohol,  and  the  stlxrlng  rate) 
vere  eliminated  to  focus  the  experiments  on  the  variables  desired. 


EXFERDfEHTAL 

Tall  oil  fatty  acids  containing  15 22.1,  and  39 >6^  of  resin  acids 
vere  used  In  preparing  the  esters.  The  pentaer^hrltlde,  the  test  rvcrolts  of 
vhlch  are  given  below,  was  prepared  from  the  tall  oil  fatty  acids  that  con* 
talned  13.^5^  of  resin  acids.  The  constants  and  composition  of  these  tall  oil 
fatty  acids  were  determined  by  the  existing  method  (®lj  they  are  listed  In 
Table  !• 


TABLE  1 


Constants  and  Composition  of 
Tall  Oil  Fatty  Acids 


Chemical  indexes  of 
the  acids 

Numerical 

value 

Acid  number  . 

163.2 

Saponification  number  . . . 

170.0 

Iodine  number  . 

201.1 

Thiocyanogen  number  . 

91.0 

t  Composition: 

Heutral  substances  . 

16.7 

Resin  acids  . 

i  IS.k 

Fatty .Acids  . 

67.9 

Fatty  Acid  Composition 

Saturated  acids  . . 

5.^ 

Oleic  acid  . 

31.79 

Llnoleic  acid .  j 

58.72 

Llnolenlc  acid .  ] 

1  k.09 

Esterification  appecatus. 

1  “  glass  flaskj  2  —  ccmsdenser 
with  measuring  cylinder f  ^  - 
electric  plate  with  rheostat, 

h  —  stirrer  fitted  vlth  seeil^ 

2  —  thermometer. 


The  figures  In  Table  1  are  evidence  of  the  rather  high  quality  of  the  tall 
oil  fatty  acids  as  raw  material  for  the  production  of  film-forming  materials. 

The  esterifylng  alcohols  employed  vere  glycol,  glycerol,  and,  mcsst  of  all, 
pentaerythritol.  The  published  papers  contain  sufficient  proof  that  the  percent¬ 
age  of  esterifylng  alcohol  should  not  exceed  11^.  We  always  employed  of  the 
alcohol. 

The  esterification  conditions  employed  when  pentaerythritol  was  msed  were 
as  follows-.  50  g  of  the  tall  oil  fatty  acids  (200  g  were  taken  in  ethtsequent 

M.  V.  Kartseva  and  R.  D.  Strtsova  took  part  in  this  research. 
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oamples)  were  placed  In  an  electrically  heated  vide*necked  glass  flask,  the 
stirrer  vas  started,  amd  after  the  contents  had  been  heated  to  130-140*  C, 

11^  of  pentaerythrltol  vas  added  In  powder  form.  Then  the  temperature  of 
the  reaction  mass  was  raised  to  the  desired  value  In  no  more  than  1  houi-. 

This  Instant  vas  taken  as  the  time  the  reeictlon  stairted.  The  acid  number 
of  the  mixture  was  about  l40.  The  temperature  was  maintained  at  the  desired 
level  by  means  of  a  rheostat,  and  one  hour  later  samples  were  taken  to  deter¬ 
mine  the  acid  number,  the  change  In  the  number  serving  as  an  Index  to  the  * 
process  rate.  The  esterification  apparatus  Is  Illustrated  In  the  figure.  ‘ 

•  When  glycerol  or  'glycol  vas  used  In  esterification,  a  reflux  condenser  vas 
bathed  In  steam.  The  water  containing  a  minute  quantity  of  oil  that  formed 
In  every  run  was  collected  In  a  receiver.  After  the  reeictlon  was  over,  the 
overall  ester  yield  vas  determined  as  well  as  the  ester's  constants.  The 
esters  of  the  tall  oil  fatty  acids  were  a  thick,  crimson  resin. 

The  yield  of  esters  vas  about  the  same  as  the  weight  of  the  tall  oil 
fatty  acids  placed  in  the  reaction. 

Comparison  of  the  esterification  rates  of  tall  oil  fatty  acids  (con- 


^cerol.  and  pentaerythrltol. 


The  rate  of  esterification  of  the  tall  oil  fatty  acids  may  be  estimated  by 
the  change  In  the  acid  number  of  the  ester  If  led  product,  shown  in  Table  2. 


TABI£  2 

Change  In  the  Acid  Number  During  the 
Esterification  of  Tall  Oil  Fatty 
Acids  With  Glycol,  Glycerol,  and 
Pentaerythrltol  at  290*  C 


As  we  see  In  Table  2,  penta¬ 
erythrltol  esterlfles  tall  oil 
fatty  acids  faster,  all  conditions 
being  the  same,  than  glycol  or 
glycerol,  yielding  a  product  with 
an  acid  number  of  10-11  after 
6  hours  at  290*  C. 


Tlnic  _ _ _ _ j— _ 

,  '  I  Of  glycol  I  of  Of  penta-  Rate  of  esterification  at 

— erol  erythritol  various  temoeratures  of  tail  oil 


3f  glycol 

of 

glycerol 

Of  penta¬ 
erythrltol 

48.6 

39.8 

37.2 

28.0 

24.7 

25.0 

20.2 

18.0 

23.1 

17.9 

13.3 

23.0 

17.0 

11.0 

21.4 

16.6 

10.1 

Q  fatty  acids  containing  various 

oh  *7  percentages  of  resin  acids.  The 

Q  Q  only  alcohol  used  in  this  esterl- 

*  flcation  of  the  tall  oil  fatty 

acids  was  pentaerythrltlol.  We 
^  *  ascertained  the  esterification  rate 

^  *  as  a  function  of  the  percentage  of 

resin  acids  In  the  tall  oil  fatty 

acids,  of  temperature,  and  of  time.  Our  results  are  listed  In  Table  3- 

We  see  from  the  flguures  In  Table  3  that  raising  the  reaction  temperature 
speeds  up  esterification  considerably.  It  is  best  to  use  a  temperature  of 
280-290'  C.  to  secure  an  ester  with  the  lowest  acid  number.  At  these  temper¬ 
atures  the  esterification  process  is  concluded  within  6-7  hours.  It  was  later 
discovered,  however,  that  the  heating  time  had  to  be  prolonged  to  15-17  hours 
if  the  esters  were  to  be  used  as  film-forming  materials.  This  did  not  affect 
the  acid  number  of  the  product,  but  it  did  increase  the  ester  =  s  viscosity.  The 
: csln  acids  contained  in  the  tall  oil  fatty  acids  reduce  the  esterification 
■ate,  but  the  difference  In  acid  numbers  grows  smaller  at  290  C,  with  a  longer 
nesting  time. 
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TABUS  3 

Chatty  in  the  Acid  Humber  During 
the  Esterification  of  Tall  Oil  Ehtty 
Acids  vith  Various  Percentages  of  Resin 
Acids  at  Various  Temperatures 


Time, 

Change  in  the  Acid  Humber  at 
following  percentages  of  resin 
acids. . 

hours 

22.1 

1 

39. 

5 

Temperature , 

•  C 

220 

230 

290  1 

230 

290 

1 

101.2 

67.4 

1 

39.0 ! 

71.2 

62.7 

2 

60.0 

40.6 

17.5 

52.7 

56.5 

3 

41.0 

33.2 

15.7' 

4C.8 

28.1 

4 

36.9 

30.5 

14.5  } 

36.8 

17.6 

5 

32.0 

26.9 

U.9  : 

35.0 

15.8 

6 

26.5  , 

24.5 

10.1  : 

31.3 

14.3 

7 

28.0 

24.4 

10.4 

29.4 

12.2 

8  • 

26.7: 

24.0 

8.6  ‘ 

- 

10.2 

9 

- 

— 

8.2 

— 

— 

.0 

- 

— 

8.1 

— 

— 

1 

— 

8.2 

— 

— 

A  sanqple  of  the  penta* 
erythritol  ester  of  tall  oil 
fatty  acids  was  produced  under 
the  following  conditions,  there* 
fore:  11^  pentaerythritol  used, 
reaction  tenqperature  280*,  re¬ 
action  time  17  hours.  The  sample 
was  tested  for  its  serviceahility 
as  a  film- forming  material. 

Results  of  testing  the  penta¬ 
erythritol  ester  of  tall  oil  fatty 
acids^.  The  pentaerythritol  ester 
was  dissolved  in  the  cold  in  white 
spirit  (100:40  ratio),  and  lO^t  of 
Siccative  No.  7^40  (lead-manganese- 
cohalt) .  Its  tectmical  paint  pro¬ 
perties,  as  required  for  oil  var¬ 
nishes,  and  its  suitability  as  a 
hinder  in  the  manufacture  of  enamels 
were  determined.  The  test  used  was 
the  OST  10086-39  (All-Union  Standard) 
■Methods  of  testing  paint  and  lacquer 
materials  and  coatings.*' 

The  results  of  our  tests  of  the 
technical  paint  qualities  are  listed 
in  Table  4. 


TABLE  4 

Results  of  Tests  of  the  Technical  Paint 
Qualities  of  a  Lacquer  Made  From 
the  Pentaerythritol  Ester 


Index 

Test  Results 

Drying  at  l8-20*  C 

24  hours  —  peels; 

48  hours  —  nearly 
completely  dry 

Hardness 

Satisfactory 

Elasticity 

1  mm 

1 

Impact  Strength 

15  hg/cm 

Water  resistance 

1  1  hour  —  no  change 

As  we  see  in  Table  4,  the 
technical  painting  qualities  of  the 
lacquer  are  satisfactory. 

Paints  were  prepared  with  red 
ocher  and  zinc  white,  by  grinding 
them  in  equal  proportions  with  the 
lacquer,  to  establish  the  feasi¬ 
bility  of  prepairing  lacquers  for 
interior  painting. 

The  principal  technical  paint 
qualities  were  tested  by  applying  a 
single  layer  of  the  resultant  paints 
by  brush  to  tinplate  sheets  and 
allowing  them  to  dry  at  18-20*  C. 

The  test  results  are  listed  in 
Table  5. 


1) 


The  terts 


were  made  by  the  Moscow  branch  of 


Lacquer  and  Paint  Coatings. 
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TABU  9 

test  Results  of  the  Technical  Paint  Qualities  of  Bslnts 
.  *  Usln^  Pentaerythrltol  Lacquer  as  a  Base 


Index 

Results 

Zinc  white 

Red  Ocher 

Dx^ng  at  18-20*  C 

24  hours  considerable 
peeling;  48  hours 
dried 

24  hours  considerable 
.  peeling;  48  hours 
dried 

Hardness 

Hard 

Hard 

Elasticity 

lim 

1  mm 

Impact  Strength 

45  kg/cm 

30  kg/ca 

Water  resistance 

1  hour  -  no  change 

1  hour  no  change 

As  we  see  In  Table  5*  zinc  white  and  red  ocher  on  a  pentserythrltol 
lacquer  base  yield  satisfactory  technical  paint  qualities  that  meet  the 
requirements  for  enamel  paints  for  general  consumption. 

Thus,  the  laicquer  based  on  the  pentaerythrltol  ester  may  be  employed  as 
a  binder  In  the  preparation  of  enamels  for  Interior  work. 

It  should  be  noted  that  the  results  of  our  tests  of  the  pentaerythrltol 
esters  of  tall  oil  fatty  acids  that  contained  a  higher  percentage  (22,1$)  of 
resin  acids  Indicated  somewhat  poorer  drying  properties  and  hardness. 


SUMHABT 


1.  Data  have  been  obtained  on  the  esterification  of  tall  oil  fatty  acids 
with  pentaerythrltol. 

2.  The  optimum  conditions  for  the  preparation  of  the  pentaerythrltol 
ester  of  tall  oil  fatty  acids  have  been  established. 

3.  Satisfactory  results  have  been  obtained  In  testing  the  pentaerythrltol 
ester  of  tall  oil  fatty  acids  as  a  lacquer  and  as  a  binder  for  paints. 
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THE  KDIETICS  OP  CATALYTIC  OXIDATION  OP  CYCLANES  IN  THE  LIQUID 
PHASE  WITH  ALKANES  PRESENT 


V.  K.  Taykovsiqr  azid  P.  V.  Llkhaoianova 


In  discussing  the  rate  of  oxidation  of  hydrocarbons  belonging  to  various 
/^oups  (but  having  molecules  of  the  same  size),  the  hypothesis  has  been  advanced 
that  open-chain  hydrocarbons,  such  as  the  alkanes  and  alkenes  are  oxidized 
iSSastest,  followed  by  the  eye  lanes  and  the  aromatic  hydrocarbons.  It  should  be 
staid  that  this  hypothesis  has  been  deduced  from  Investigations  of  oxidation 
;,processes,  most  of  which  take  place  without  a  catalyst  (such  as  the  burning 
off  hydrocarbons). 

It  has  been  learned  from  a  study  of  the  catalysis  phenomena  occurring  in 
■S2be  liquid-phase  oxidation  of  hydrocarbons  that  the  Jclnetlcs  of  this  reaction 
sssne  quite  singular,  differing  very  markedly  from  norxatalytlc  processes. 

Though  the  initial  research  In  this  field  [a]  did  not  discuss  the  behavior 
d^jaring  catalytic  oxidation  of  individual  hydrocarbons  possessing  molecules  of 
n&he  same  size,  but  rather  studied  the  behavior  in  this  process  of  all  the 
fijydrocarbons  belonging  to  various  groups  (possessing  approximately  the  same 
^physical  constants),  it  did  Introduce  certain* corrections  Into  the  hypotheses 
eadvanced  previously.  This  research  demonstrates,  more  particularly,  that  of 
the  hydrocarbons  oxidized  under  these  conditions.  It  Is  not  the  alkanes, 
tnnt  rather  the  polymethylene  hydrocarbons  that  exhibit  the  highest  reaction 
rssxbe. 

This  observation  shows  Jhat  there  is  a  substantial  difference  between 
tiJte  catalytic  and  dutocatalytlc  oxidation  process.  It  Is  highly  probable 
tfebat  the  excitation  of  the  molecules  of  polymethylene  hydrocarbons  during 
eiisctocatalytic  oxidation  will  be  altogether  different,  thus  making  the  velocity 
cjR*  the  reaction  of  these  hydrocarbons  with  atmospheric  oxygen  higher.  This 
Ite  borne  out  by  the  fact  that  the  alkanes  are  oxidized  at  faster  rates  In 
t±hie  liquid  phase  when  the  temperature  Is  raised,  even  without  any  catalyst 
ppraesent,  which  Is  not  the  case  when,  say,  eye  lanes  are  oxidized.  Hence, 
cfcfce  concept  of  the  oxidation  rate  of  hydrocarbons  Is,  in  general,  a  highly 
rielatlve  one,  applicable  only  to  certain  reaction  conditions. 

We  have  explored  the  Joint  catalytic  oxidation  of  only  such  hydrocarbons 
as  -  'the  eye  lanes  and  the  alkanes.  In  order  to  make  a  more  thorough  study  of 
tteig;  phenomenon. 

EXPERIMENTAL 

The  experimental  materials  were  narrow  fractions  of  kerosene,  consisting 
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of  the  hydrocarboas  specified  above,  possessing  approximately  the  seune  overall 
physical  properties,  but  having  different  structures.  The  latter  was  due  to 
the  fact  that  these  nazrov  fractions  were  secured  from  bread  kerosene  fractions 
of  petroleiuBS  from  different  fields. 

The  narrow  fractions,  with  different  kerosene  compositions,  the  boiling 
points  of  which  were  200-220,  220-2U0,  and  240-260*  C,  were  secured  by  distilling 
broad  kerosene  fractions  In  a  laboratory  rectifying  column  under  rigidly 
identical  conditions. 

The  euromatlc  hydrocarbons  were  sepeurated  from  the  narrow  fractions  In  the 
usual  manner;  the  completeness  of  their  removal  was  established  by  means  of 
a  formollte  reaction.  The  properties  of  the  collected  narrow  fractions  and 
their  eproup  composition  are  listed  In  Table  1. 

TABIZ  1 

Physico-Chemical  foopertles  of  Kerosene  Fractions  Used  In  Oxidation 


lo. 

Group  composition  of  the 
fraction,  per  cent  V  weight 

Specific  (Molecular  1 
gravity  i  weight  ' 

1  Refractive 
'  Index 

Cylanes 

Alkanes  j 

1 

_ *20 _ i _ 

1 

18.0 

200-220*  C  I 

82.0 

Inaction 

0.786  j 

!  1 
[  189.0  f  1.436 

2 

24.0 

76.0 

0.7862  ' 

i  187.0 

l.**57 

3 

35.0 

65.0 

0.7874  i 

t  184.0 

!  1.438 

4 

•  40.5 

1  59.5  ; 

:  0.7876  I 

1  182.0 

1  1.438 

5 

k7.5 

!  52.5  ! 

!  0.7877  • 

'  180.0  i 

1  l.<*39 

6 

56.5 

<*3.5  i 

i  0.7879  j 

i  177.4  1 

1  1.440 

7 

62.5 

37.5  ' 

1  0.7882 

:  175.1  ; 

;  1.442 

8 

69.0 

51.0 

0.7884 

173.3  1 

1  1.442 

9 

3.0 

220-240*  C  Fraction 

97.0  I  0.7964  1 

190.8  1 

!  1.437 

10 

30.0  ; 

70.0 

0.7992 

186.0 

1.442 

11 

34.0  j 

66.0 

0.7998 

184.0 

j  1.449 

12 

>*5.5  i 

0.8016 

181.7 

1.452 

13 

57.5  1 

42.5 

0.8022 

179.1  ! 

I  l.*»54 

14 

i 

2.5  1 

240-260*  C  F 

97.5 

r action 

1  < 

0.7984 

'  ! 
192.0  ; 

1.442 

15 

9.5  1 

90.5 

0.8009 

190.0 

1.443 

16 

11.08 

88.92 

!  0.8010 

189.6 

1.445 

17 

15.5 

84.5 

0.8016 

188.0 

1.446 

18 

59.0  1 

61.0 

0.8102 

182.6 

1.447 

19 

.40.0  • 

60.0 

0.8111 

181.7 

1.449 

20 

50.5  * 

*►9.5 

0.8121 

182.0 

1.452 

732 


All  tte  fractions  were  oxidized  In  the  liquid  phase  with  atmospheric 
oxygen  at  constant  i>arameters  (rate  of  air  flow  across  the  reactor  cr<»s 
section,  weight  of  the  substrate,  temperature,  reaction  time,  catelyiyt 
concentration,  cmd  the  like). 

Oxidation  was  effected  In  a  glass  reactor  of  the  type  described  la  t±r 
literature  previously  [4]* 

The  oxidation  products  were  carefully  collected  In  sx>eclal  traps  fU^d. 
with  an  alkaline  solution  and  the  appropriate  solid  adsorbents.  The 
of  oxidation  products  absorbed  by  the  absorbents  and  adsorbents  was  detersihed 
gravlmetrlcally. 

The  oxidation  products  were  analyzed  as  follows. 

The  oxidized  product  taken  from  the  reactor  after  the  latter  had  cacDad 
was  neutralized  In  the  cold  with  a  aqueous  solution  of  sodium  hydroxide 
(corresponding  to  Its  acid  equivalent).  Sodium  salts  of  hydroxy  acids,  xS 
complex  ether  acids,  and  of  the  simplest  carboxylic  acids  were  formed 
neutralization. 

After  the  sodium  salts  had  all  been  thoroughly  eliminated,  the  dissolved 
oxidized  fraction  still  contained  esters  and  ethers  that  were  hard  to  sapnlfy. 
The  esters  were  extracted  by  prolonged  saponification  with  a.  normal  alcagilc 
solution  of  potassium  hydroxide,  the  ester  yield  being  determined  by  the 
difference  in  weight  between  the  product  before  saponification  and  that  of 
the  hydrocarbons  that  did  not  enter  into  the  oxidation  reaction.  These  esisrs 
were  not  investigated  further. 

m 

All  our  attention  was  foc  ^r.sed  upon  the  simplest  carboxylic  acids,  prepared 
from  their  sodium  salts.  The  sodium  salts  of  the  carboxylic  and  hydroaqr  urtds 
were  decomx>osed  with  a  weak  solution  of  sulfiurlc  acid.  The  resultant  sr^Tza-e 
of  acids  was  dissolved  In  ten  times  Its  volume  of  petroleum  ether  (b.p.  2>55* 
C).  The  hydroxy  acids  settled  out  of  the  solution,  their  total  being  alliwed 
for.  What  remained  dissolved  in  the  petroleum  ether  were  the  carboxylic  adds 
and  peirt  of  the  complex  ether  acids.  After  all  the  SO4*  Ion  had  been  thcraighly 
washed  out  of  the  solution  of  carboxylic  acids  in  petroleum  ether,  the  salition 
was  evaporated,  and  the  carboxylic  and  ether  acids  analyzed  qualitatively  md 
quantitatively  after  they  had  been  brought  to  constant  wel^t. 

The  following  terminology  Is  used  henceforth  for  the  sake  of  sinqjllci^fz 

Carboxylic  acids:  a  mixture  of  the  simple  carboxylic  acids  with  ether 
acids,  soluble  in  any  voliime  of  petroleum  ether. 

Hydroxy  acids;  The  total  of  various  hydroxy  acids  and  their  esters, 
precipitated  when  the  petroleum  ether  is  diluted. 

Ethers ;  a  mixture  of  ethers  and  esters  that  are  hard  to  saponify  but 
wholly  soluble  (in  low  concentrations)  in  petroleum  ether. 

The  unreacted  hydrocarbons  in  each  fraction  were  freed  of  all  their 
saponifiable  constituents  and  then  were  added  to  the  hydrocarbons  entralnsfi 
hy  the  current  of  air  and  collected  in  the  traps.  After  the  entire  mass  of 
...reacted  hydrocarbons  had  been  thoroughly  refined  to  free  them  of  the  resiflial 
-xidatlon  products,  their  weight  and  group  composition  were  determined.  Tie 
collected  volatile  oxidation  products  were  not  analyzed,  but  allowance  was 
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made  for  them  quantitatlrely,  as  stated  abore* 

This  method  of  analysis  enabled  jis  to  drav  up  a  precise  material  balance 
for  the  oxidation  of  each  fraction,  differentiated  according  to  the  basic 
derlratlre  of  this  process. 

The  results  of  oxidation  are  given  In  Table  2.  In  the.  oxidation  of  all 
three  of  the  tested  fractions,  the  end  result  refers  only  to  the  total  per¬ 
centage  of  cyclanes  in  the  fr^tlons. 

TABLE  2 


Besults  of  Oxidizing  Eerosene  Fr^tlons 


1 

Overall  yield 

Reacted  hydro- 

1  Resulting  oxidation  prod^ts  as  per  cent  by 

of  oxidation 

carbons  as  per 

1  weight  of  the  original  fraction 

products,  per 

c^nt  by  vel^t 

1  Including 

i  Ho. 

cent  by 

of  these 

Carboxy- 

Hydroxy 

Volatile 

Mole- 

vel^t  of 

carbons  in  the 

lObax 

lie 

acids 

Ethers 

oxldat- 

cules 

the  oxidized 

original 

acids 

Ion  pro- 

of 

fraction 

fraction 

ducts 

water 

Cyclanes | Alkanes 

200-220*  C  Fraction 


1 

109.5 

33.8 

36.6 

47.3 

22.5 

3.5 

7.5 

14.0 

8.0 

2 

111.8 

45.0 

37.2 

54.8 

20.8 

10.5 

5.5 

18.0 

io.o 

3 

114.6 

59.0 

46.4 

66.6 

19.6 

17.0 

7.^ 

22.6 

15.2 

k 

115.8 

60.7 

46.9 

69.5 

18.6 

18.4 

9.0 

23.3 

15.6 

5 

U6.0 

62.5 

47.0 

70.5 

16.5 

19.4 

10.6 

24.0 

15-9 

6 

116.4 

63.2 

47.8 

72.9 

14.0 

19.6 

12.8 

26.5 

15.95 

7 

117.3 

64.5 

46.5 

75.0 

12.2 

19.9 

15.0 

24.9 

15.1 

8  i 

>  117.9 

71.5 

kh.6 

77.9 

10.3 

20.2  1 

1 16.6 

30.8  ! 

i  16.8 

220-2if0*  C  Fraction 


9 

111.4 

52.0 

42.9 

57.4 

24.2 

6.4 

26.8 

8.8 

10 

113.4 

56.4 

50.9 

67.9 

17.0 

11.8  ■ 

.  10.5 

28,6 

10.6 

11 

117.7 

64.1 

51.4 

73.1 

14.9 

12.5 

:  11.9 

33.8 

12.8 

12 

119.4 

69.1 

53.2 

79.9 

13.2 

14.3 

•  12.7 

39.7 

14.6 

13 

120.9 

75.0 

53.1 

^.4 

1  11.4 

18.4 

16.8 

37.6 

17.4 

240-260*  C  Fraction 


14  1 

113.5 

61.4 

38.1 

53.5 

26.0 

14.1 

13.5 

8.5 

^5  i 
16  ! 

119.4 

65.7 

39.4 

62.4 

21.0 

9.2 

12.9 

19.5 

10.0 

119.2 

69.2 

39.8 

63.2 

17.4 

12.2 

13.5 

21.1 

12.8 

17 

124.3 

76.3 

— 

70.3 

17.2 

12.3 

14.0 

26.8 

14.8 

18  ■ 

128.7 

84.2 

39.9 

77.7 

16.1 

15.0 

18.0 

28.7 

16.4 

19 

128.9 

86.4 

40.1 

78.9 

15.2 

16.8 

20.5 

26.4 

16.8 

20 

129.8 

89.7 

40.3 

81.9 

14.0 

17.3 

25.2 

24.48 

17.6 

The  absence  of  any  marked  discrepancies  in  this  experiment  Justify  the 
assertion  that  the  structure  of  the  cyclanes  (including  those  oxidized  together 
with  the  alkanes)  has  no  substantial  effect  upon  the  nature  of  the  experiment. 

Ho  matter  vhat  the  cyclane  structure,  the  rate  of  oxidation  Increases  proportion¬ 
ally  ‘to  their  normal  concentration  In  each  fraction  tested.  The  fact  that  the 


rate  of  oxidation  rises  In  that  very  group  of  hydrocarbons  >  fbs  llkevlse  evidenced 
by  such  Indexes  as  the  percentage  of  reacted  eye  lanes,  tbe  ttoBEbal  oxygen  absorbed 
In  this  process,  and  the  continuously  increasing  quantl^  lthe  total  oxidation 
prodxicts. 

The  percentage  of  the  cyclanes  entering  Into  the  axidansbaa  xeactlon  Is 
found  to  be  higher  In  the  fractions  that  contained  more ' of 't&^  aryc lanes.  One 
highly  curious  factor  Is  the  circumstance  that  the  perceata^p;  cef  reacted 
cyclanes  Is  generally  little  affected  by  their  initial  concemtmtlon  or  by 
the  boiling  ranges  of  the  fractions  tested.  This  is  furth^*  s^oxsof  that  cyclanes 
react  vlth  atmospheric  oxygen  in  this  process  much  faster  tThawn  3^  the  alunes. 

When  ve* consider  hov  the  composition  of  the  saponifiable cconstltuents  varies 
(Table  2),  It  Is  easy  to  see  that  these  changes  are  likewise .‘diirectly  related 
to  the  concentration  of  the  cyclanes  In  the  original  fractlbB\aHid  to  the 
percentage  of  cyclanes  entering  Into  the  reaction.  We  first .  eaxEttee  that  as 
the  concentration  of  cyclanes  in  the  fractions  (no  matter  wbatt^their  boiling 
range)  increases,  the  yield  of  carboxylic  acids  continues  to*fiaLll,  while  the 
yield  of  hydroxy  acids,  esters,  and  other  oxidation  products  btifsins  to  rise. 

It  may  be  assumed  that  the  cyclar^s  are  oxidized  more  rapidly  Ifen  all  stages, 
owing  to  their  higher  reactivity.  Thus,  the  carboxylic  acldb  iBormed.ln  any 
;tage  of  the  process,  according  to  Sonet's  theory  of  hydroxy^aactdon,  are  rapidly 
converted  into  the  respective  hydroxy  acids,  etc.  This  is  tJte  mnly  possible 
explanation  of  the  falling  yield  of  ceurboxyllc  acids  and  the- ^Increasing  per> 
centage  of  various  secondary  oxidation  products  in  the  sapoolfCi^le  consti¬ 
tuents.  • 

•  The  Increase  in  the  rate  at  which  secondary  oxidation  prodhtets  are  formed 
Is  paralleled  by  the  continuously  increasing  yield  of  moleculiser  water.  Li  the 
given  case,  ve  may  assume  that  water  Is  'formed  as  follows:' 


< 


acids  Increase.  This  agrees  very  satisfactorily  with  the  kinetics  of  the  change 
in  composition  of  the  saponifiable  constituents  as  a  function  of  the  concentration 
of  cyclanes  in  the  original  fraction. 

When  ve  consider  vhat  happens  when  ve  pass  Arom  the  oxidizable  fraction  with 
one  boiling  range  to  another,  ve  readily  see  that  the  behavior  pattern  set  forth 
above  still  holds  good,  thou^  the  ratios  of  the  yields  of  carboxylic  acids, 
hydroxy  eicids,  and  ethers  change  as  the  reaction  rate  continues  to  rise.  Even 
a  negligibly  small  increase  in  the  molecular  veight.  of  the  fractions  is  enough  to 
prove  that  the  higher  the  molecular  veight,  the  more  carboxylic  acids  and  ethers 
vill  be  formed,  vith  less  of  the  hydros^  acids  (for  the  same  cyclane  concentration) 

TABU  3 

Properties  of  Gasoline -Soluble  Carboxylic  Acids  Secured  in  the 

Oxidation  of  Kerosene  Fraction 


3 

Acid  number, 
mg  of  K03 
per  g 

Saponifi¬ 

cation 

number 

Ester 

Humber 

i  Hydroxyl 

1  Humber 

Molecular 

veight 

Spec  if  ic 
gravity 

dSo 

Refractive 

index 

“d 

200-220*  C  Fraction 

1  I 

129.0 

180.0 

51.0 

102.0 

305.5 

0.9284 

1.440 

2 

127.0 

187.0 

60.0 

106.5 

299.5 

0.9409 

1.443 

3 

126.0 

183.5 

56.5 

110.0 

289.5 

0.9664 

1.445 

4 

128.0 

187.0 

59.0 

108.0 

284.5 

0.9783 

1.448 

5 

128.0 

201.0 

73.0 

109.5 

278.5 

0.9816 

1.449 

6 

129.0 

207.0 

78.0 

114.0 

270.5  1 

0.9879 

1.454 

7 

135.0 

202.0 

67.0 

130.0 

265.5 

0.9915 

X.^55 

8 

131.5 

215.0 

84.5 

124.0  I 

260.0 

0.9961 

1.456 

220-2U0*  C  Fraction 


9  ! 

128.4 

187 

58.6 

108.5 

316.0 

10  • 

129.0 

192.4 

63.4 

109.3 

301.0 

11  : 

131.7 

205 

73.3 

113.0 

291.0 

12 

130.0 

207 

77.0 

118.0 

281.5 

13  i 

133.0 

210.5 

77.5 

119.5 

277.0 

0.9284  [ 
0.9417  ! 
0.9501  : 

0.9674 

0.9742  [ 


240-260*  C  Fraction 


1.440 

1.445 

1.446 

1.447 
1.452 


14  : 

135 

187.8 

52.8 

15 

129 

182.4 

53.4 

16  : 

131.8 

185.0 

54.0 

17 

130.7 

186.3 

55.6 

18 

132.5 

203.3 

70.8 

19 

133.5 

208.6 

75.1 

20  ; 

135.5  1 

212.6 

77.1 

101.5 

318.0 

0.9454 

'  1A57 

106.5 

307.0 

0.9489 

1.458 

109.0 

306.0 

0.9496 

1.458 

111.3 

300.5 

0.9510 

1.459 

115.8 

295.6 

0.9582 

1.464 

116.5 

291.3 

0.9602 

1.465 

117.5 

283.5  1  0.9615 

1.461 

..  r 
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Variation  of  the  yields  of  ethers  and 
hydroxy  acids  vith  the  molecular 
weight  of  the  fraction. 

A  —  Yield,  ^  by  weight;  B  —  molecular 
weight  of  the  mixture  to  be  oxidized 
(335^  alhanes;  675t  cyclanes).  1  — 
Ether  yield;  2  —  yield  of  hydroxy 
acids. 


In  conclusion  we  wish  to  thank  K.  D. 
experimental  work  for  this  research. 


To  emphasize  the  influence  of 
the  fraction's  molecular  weight,  we 
oxidized  different  kerosene  fractions 
under  identical  conditions,  containing 
approximately  the  same  percentages  of 
cyclanes  (67^)  and  alkanes  (33^)*  Ve 
found  (see  figur^  that  the  yield  of 
hydroxy  acids  dropped  to  zero  at  cer¬ 
tain  values  of  the  molecular  weight, 
whereas  the  percentage  of  ethers  formed 
rose  uninterruptedly. 

Here  we  find  an  experimentally 
corroborated  increase  in  the  reaction 
rate  of  cyclanes  as  their  mean  molecular 
weight  increases. 

At  a  certain  value  of  the  molecular 
weight  the  reaction  rate  becomes  so  hi^ 
that  the  hydroxy  acids  are  apparently 
converted  into  ethers  at  the  Instant 
they  are  formed.  More  particularly,  we 
attribute  to  this  circumstance  the  fact 
that  no  hydroxy  acids  are  found  when 
some  hlgh-bolllng  kerosene  fractions 
are  oxidized,  although  high  yields  of 
carboxylic  acids  with  high  hydroxyl 
numbers  and  ethers  that  are  hard  to 
saponify  are  observed. 

Tammik  and  V.  P.  Zaglnaiko,  who  did  the 


SUMMARY 

1.  It  has  been  found  that  when  a  complex  mixture  of  cyclanes  and  alkanes 
is  oxidized,  the  former  react  with  atmospheric  oxygen  at  a  higher  rate. 

2.  Ihe  rate  of  oxidation  of  the  cyclanes  is  linearly  proportional  to  their 
initial  concentration  in  the  mixture  to  be  oxidized. 

•  3-  Owing  to  the  higher  oxidation  rate  of  cyclanes,  a  high  percentage  of 
secondary  reaction  products  is  always  formed  when  they  are  oxidized. 

h.  The  evolution  of  molecular  water,  observed  when  large  masses  of  cyclanes 
are  oxidized,  may  be  due,  principally,  to  condensation  of  the  hydroxy  acids  and 
the  formation  of  ethers. 

5»  At  a  certain  value  of  the  cyclanes'  molecular  weight,  the  yield  of 
hydroxy  acids  may  drop  to  zero  during  their  oxidation,  the  formation  of  diffi¬ 
cultly  saponifiable  ethers  being  a  maximum. 

LITERATURE  CITED 

[1]  V.  S.  Varlamov.  The  oxidation  of  petroleum  hyc^ocarbons.  (1937) • 

[2]  B.  R.  Dolgov.  Catalysis  in  organic  chemistry  (19^9^* 

[3]  V.  K.  Tsyskovsky,  Azerb.  Petrol.  Chem.  19^9# 

[4]  V.K. Tsyskovsky,  J.Appl.  Chem.,  4,  1949- 
Received  February  28,  1950- 


737 


BRIEF  COMMURICATIORS 


THE  THERMAL  AND  VISCOSIMETRIC  ANALYSIS  OF  THE  SELENIC  ACID  -  WATER  SYSTEM 
•  A.  F.  Kapustlnslgr  and  A.  H.  Zhdanova 
The  D.  I.  Mendeleev  Institute  of  Chealcal  Engineering,  Moscow 


The  method  of  physico-cherJLcal  aiui lysis  is  founded  upon  the  theory  of  the 
structural  unity  of  the  composition  —  property  diagram,  elaborated  by  Kiurnakov 
[^1.  No  final  conclusions  can  be  drawn  regardixig  the  nature  of  the  Interaction 
between  a  system's  constituents  from  a  study  of  only  one  property>  that  is  why 
the  present  reseeurch  is  a  natural  extension  of  the  preceding  one.  It  deals 
with  the  thermal  analysis  and  the  viscoslmetry  of  the  system:  HsSeO^  RsO. 

Though  the  B2SO4  —  HzO  system  has  been  explored  thorou£^y  and  repeatedly 
little  research  has  been  done  on  the  properties  of  aqueous 
solutions  of  the  analog  of  sulfuric  acid,  selenic  acid. 

Cameron  auid  Macallan  [^]  Isolated  selenic  acid  monohydrate,  H2Se04'^20,  and 
determined  its  melting  point  (25*  C).  Metzner  [10]  states  that  this  point  is  15*C- 
Meyer  andJlullch  [^^1  later  established  that  the  melting  point  of  this  hydrate 
is  26*  C. 

The  fusibility  diagram  of  the  H2Se04  -  HgO  system  was  plotted  by  Kremann 
and  Hofmeler  [^^J.  These  authors  noted  the  formation  of  two  selenic  acid  hy¬ 
drates,  namely,  K2Se04*H20,  fusing  at  26*  C  according  to  the  findings  of  Cameron 
and  Macallan  and  Meyer  and  Aullch,  and  selenic  acid  tetrahydrate,  H2Se04'4H20, 
with  a  melting  point  of  ^1.7*  C.  Inasmuch  as  the  research  of  all  these  authors, 
with  the  exception  of  Meyer  and  Aullch,  was  done  nearly  half  a  century  ago,  we 
resolved  to  uake  a  new  study  of  the  fusibility  diagram  of  the  H2Se04  -H^O  system, 
using  an  Improved  method,  and  to  In'^estigate  the  system's  viscosity. 

EXPERIMENTAL 

We  have  described  the  preparation  of  the  selenic  acid  in  our  previous 
paper.  The  concentration  of  the  original  solutions  of  selenic  acid  was  deter¬ 
mined  analytically  by  a  volumetric  method,  involving  titration  with  a  0.1  N 
solution  of  sodium  hydroxide,  using  methyl  orange  as  an  Indicator.  The  con¬ 
centration  of  dilute  solutions  was  determined  from  the  weight  of  the  added 
water.  Repeatedly  redistilled  water  and  chemically  pure  Kahlbaum  sodium 
hydroxide  were  used  in  making  up  the  sodium- hydroxide  solution. 

In  our  exploration  of  the  fusibility  curve  we  employed  the  method  des¬ 
cribed  by  Kapustlnsky  and  Drakin  The  viscosity  of  aqueous  solutions 

of  selenic  acid  was  measured  with  an  Ostwald  viscosimeter.  The  measurements 
were  made  at  the  standsird  temperature  of  25*  C,  which  was  kept  constant  in  a 


thermostat  to  within  0,005*.  The  viscosimeter  was  calibrated  with  repeatedly 
redistilled  water,  the  viscosity  being  expressed  In  relative  units  (the  vis¬ 
cosity  of  water  being  taken  as  unity). 

The  results  of  our  determination  of  the  melting  points  of  aqueous  solu¬ 


tions  of  selenlc  acid  are  given  In  Table  1 
TABU  I 


Experimental  Data  for  the  Fusibility 
Curve  of  the  E2Se04  *  S20  System 


>  by  weight 

Melting 

point, 

*  C. 

H2Se04  con¬ 
centration, 
%  by  wel^t 

Melting 

point, 

•  C. 

2.96 

-1.5 

62.15 

-54.1 

V.65 

-1.9 

64.13 

-52.9 

7.12 

-2.1 

“51.5 

d.09 

^.6 

68.23 

-51.9 

9.79 

-3.7 

69.95 

-53.7 

10.86 

^.2 

70.39 

-55.5 

1^^.36 

-6.2 

74.08 

-48.5 

-6.9 

74.31 

-44.3 

18.80 

-9.2 

75.43 

-42.6 

21.63 

-9.9 

76.61 

-29.8 

23.27 

-10.9 

77.75 

-19.5 

25.19 

-12.4 

78.75 

-20.0 

2Q.kk 

-16.6 

79.52 

-14.2 

30.88 

-19.2 

80.05 

-  8.6 

31.23 

-20.5 

80.45 

-  6.6 

33.11 

-25.2 

81.03 

-  0.5 

3^.78 

-25.8 

82.38 

7.4 

UO.17 

-35.7 

84.80  1 

19.8 

U.75 

-U5.5 

86.85  i  24.7 

U2.44 

87.79  !  25.4 

46.71 

^70.5 

88.97 

23.8 

47.76 

-74.1 

89.96 

21.9 

54.26 

-71.6 

90.39 

13.9 

55.60 

-63.2 

91.96 

28.9 

59.04 

-58.0 

97.60 

50.8 

59.89 

^55.7 

Fig.  1.  Fusibility  curve  of  the  selenl 
acid  —  water  system. 

A  —  Temperature,  *0,  B  —  concentra¬ 
tion,  per  cent  by  weight.  1  — 
H2Se04*l*H20>  2  -  H2Se04  2Hl0i  ^  - 

H2Se04  *  H2O . 


Our  fusibility  curve  for  the  H2Se04  -  HgO  system,  plotted  from  these  data,  is 
reproduced  in  Fig.  1. 

The  melting  point  of  anhydrous  selenlc  acid,  as  established  by  Cameron  and 
Macallan,  agr'ees  with  our  findings  (Fig.  1).  The  llquldus  curve  coincides  with 
the  curve  plotted  by  Kremann  and  Hofmeler  for  all  concentrations,  with  the  ex¬ 
ception  of  the  section  for  70-785^  ?^lcnlc  acid.  In  this  section  we  have  found. 

In  contrast  to  the  findings  of  Ki*emann  and  Hofmeler,  a  concealed  maximiim,  close 
to  the  composition  of  the  hydrate  H2Se04‘2H20,  which  has  not  been  mentioned  before 
In  the  literature. 


Mixtures  of  selenlc  acid  and  water  exhibit  aa  extraordinarily  great  tendency 
to  supercooling  and  the  formation  of  a  hyaline  mass.  Like  Kremann  and  Hoftaeler, 
ve  Induced  the  crystallization  of  a  mixture  of  selenlc  eu:ld  and  water  by  Intro*  - 
duclng  seed  crystals  of  the  respective  selenlc  acid  hydrate.  Crystallization  * 
can  sometimes  be  brought  about  by  Introducing  the  analogous  hydrate  of  sulfuric 
acid  Into  the  chilled  mixture.  It  was  particularly  difficult  to  bring  about 
crystallization  In  the  concentration  range  of  70-78^  H2Se04.  Kremann  and 
Hofmeler  have  this  to  aay  about  it:  "Once  the  solution  has  reached  the 

strength  of  7d.4^  selenlc  acid,  crystallization  cannot  be  brought  about  even 
by  Introducing  crystals  of  H2Se04*E20,  when  moie  water  Is  added.*’  A  similar 
phenomenon  Is  observed  when  we  explore  the  fusibility  curve  of  the  sulfuric 
acid  **  water  system.  Hulsman  and  Blitz  [^]  also  noted  that  It  was  very  hard 
to  Induce  crystallization  In  the  region  approximating  65-75lt>  equivalent  to 
the  blhydrate  (H2S04*2B20),  the  mass  remaining  semi-transparent  and  *' opalescent  ■. 
Although  Hulsman  and  Blitz  encountered  crystallization  difficulties  at  other 
concentrations,  the  difficulty  of  crystallization  was  particularly  striking 
In  this  range.  Gable,  Betz,  and  Maron  have  made  similar  observations  [°]. 

In  some  of  our  tests  we  have  succeeded,  though  with  great  difficulty. 

In  crystallizing  a  mixture  of  selenlc  acid  and  water  In  the  specified  con¬ 
centration  range,  as  may  be  seen  from  the  shape  of  the  heating  curve,  with 
the  pronounced  bend  corresponding  to  the  fusion  of  the  mixture.  These  find¬ 
ings  were  used  to  plot  the  section  of  the  curve  extending  from  70  to  78%  SzSeO^, 
In  which  the  perltectlc  point  Is  clearly  visible  at  78«75^t  selenlc  acid  and  a 
temperature  of  — 20*.  ^ 

It  should  be  noted  that  we  apparently  do  not  have  a  fully  established 
equilibrium  here,  owing  to  the  very  high  viscosity  of  these  mixtures.  It  mdy 
be  that  the  hidden  maximum  would  be  more  pronounced  in  this  part  of  the^curve 
if  equilibrium  were,  attained.  This  type  6f  ^enomenon  is  cofimon  to  hlgh- 
viscosity  systems  Kurnakov  [i]  notes  that  the  ability  to  crystallize 

diminishes  at  high  solution  viscosities,  such  as  are  typical  of  mixtures  whose 
composition  approaches  that  of  a  compound. 

Hulsman  and  Blitz  [®1,  In  their  study  of  the  structural  diagrams  of  the  ■ 
sulfuric  acid  —  water  system  also  observed  the  exceptionally  high  viscosity 
of  strong  solutions  of  sulfuric  acid  at  low  temperatures.  ,  •  * 

The  present  research  has  therefore  established  the  existence  of  the 
following  hydrate  of  selenlc  acid,  H2Se04-2H20,  In  agreement  with  our  pre¬ 
ceding  Investigation. 

The  viscosity  Isotherm  of  the  H2Se04  -  H2O  system  Is  an  S- shaped  cturve, 
such  as  is  typical  of  a  system  with  pronounced  chemical  Interaction,  resulting 
in  the  formation  of- several  dissociated  compounds 

The  results  of  our  determinations  of  the  viscosity  of  aqueous  solutions 
of  selenlc  acid  and  the  calculated  derivatives  of  viscosity  with  respect  to 
.  composition  aire  listed  la  Table  2. 

The  viscosity  Isotherm  Is  an  exeunple  of  an  Irrational  diagram.  Breaks 
are  seen  In  the  isotherm  diagram,  corresponding  to  the  following  hydrates; 

^28084 'H20j  H2Se04'2H20  and  H2Se04'^H20. 


ii » -4waJi>*AiyFgsiW(niiiif 


T^HZ  2 

Viscosity  a£d  rcrJ>atlve  of  Viscosity 
With  Bespect  to  Ccsposltlon  of  Aqueous 
Solutions  of  Selenlc  Acid 


H2Se04  con« 
centratlon, 

it  by  weight 

97.27 

9^.33 

92.36 
90.31 

89.25 

88.25 
87.23 

83.37 

81.38 
80.3V 
79.3^^ 

77.33 

7V.IV 

71.00 

68.95 

67.V5 

65.99 

6V.92 

63.92 

63.02 

60.98 

57.88 

52.90 

V6.97 

Vi,8l 

36.70 
30.77 
25.36 

20.71 

iV.ii 


Visdslty, 

7i 

^.22 

5%08 

3c.16 

^29 

383 

^11 

^27 

15.82 

r>92 

2£.V0 

I3.V9 

IZ.21 

7.92 

x.a9 

X.I5 

5.60 

*.vo 


!  .  ii  • 

•  '.^P 

!  0.051 
o.oov 
I  0.VV7 
!  o.ei6 
1.V72 
1.676 
2.033 
2.230 
1.838 
1.51V 
1.399 
1.028 
0.730 
0.500 
0.V08 
0.378 
0.186 
0.369 
0.32V 
0.2V2 
0.173 
0.129 
0.091 
0.062 
0.055 

O.OVl 

0.031 
.  0.02V 
0.02V 
0.020 
0.015 


d  O  SD  »  SO  ^  7)  i  SO  PffS 

Fig.  2.  Viscosity  and  derivative  with 
respect  to  composition  of  aqueous  solu¬ 
tions  of  selenlc  acid  at  25*  C. 

A  -  Viscosity;  B  -  H2Se04  concentration, 
%  by  weight;  C  —  the  derivative  ' 

”  t  p  u 

I  —  viscosity  curve,  H  —  curve  of  the 
derivative  of  viscosity  with  respect  to 
composition. 

1  -  H2Se04*VH20;  2  -  H2Se04*2H20, 

3  “  H2Se04'B20. 


The  derlvatlcr  of  viscosity  with  respect  to  composition  (in  per  cent  by 
weight)  exhibits  the  breaks  at  points  corresponding  to  the  stoichlometrlcal 

composition  of  ths3^  hydrates.  Hence,  the  viscosity  isotherm  of  the  H2Se04  -  H^O 
C,  like  the  fusibility  curve,  indicates  the  formation  of  the  following 
hydrates  H2Se04  Hs-  and  H2Se04*VH20,  and  corroborates  the  existence  of  the  hydrate 
H2Se04*2H20.  Sevenl  isotherms  would  have  had  to  be  explored  to  determine  the 
ioature  of  these  cosoiinds.  This  was  not  done  because  of  the  specific  experimental 
difficulties  descrlied  in  this  paper. 


SUMMARY 


1.  Aa  Inyestlgatlon  of  the  fusibility  curve  of  the  selenlc  acid  —  water 
system  has  disclosed  that  It  coincides  with  the  curve  plotted  by  ICremann  and 
Hofmeler  except  In  the  -concentration  Interval  of  70-78^  H2Se04,  In  which  a 
concealed  maximum^  corresponding  to  the  hydrate  H;2Se04 - 2H20,  has  been  found. 

2.  An  investigation  of  the  viscosity  Isotherm  of  the  H2Se04  —  SfeO  system 

has  borne  out  the  data  of  the  fusibility  curve  on  the  formation  of  the  selenlc 
acid  hydrates  R2Se04  HaO  and  R2Se04’4H20  and  of  the  previously  unknown  hydrate 
H2Se04*2H20*  ^ 

5-  The  findings  we  obtained  In  our  previous  Investigation  of  aqueous 
solutions  of  selenlc  acid  by  the  method  of  specific  gravities  of  selenlc  acid 
solutions  have  been  corroborated  by  the  methods  of  thermal  analysis  and  vlscosl- 
metry. 
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A  CHROMATOGRAPHIC  METHOD  OF  FINDING  ADSORPTION  ISOTHERMS,  ISOBARS,  AND  IS&STERES 

M.  1.  TanoTslgr 

The  fundamental  chromatography  equation  makes  It  possible  to  calculate  the 
adsoprtlon  Isotherms  from  t^  desorption  curve  customarily  recorded  In  chromato> 
graphic  practice  [^]s 


X  "  dc 


whence 


Here  V  Is  the  volume  of  the  solvent  put  through^  x  Is  the  distance  from  the  begin¬ 
ning  of  the  column.  In  the  direction  of  flow;  C  «  C  (V,  z)  Is  the  concentration 
of  the  sorbed  substance  In  solution;  f  (C)  Is  the  adsorption  Isotherm;  and  M  Is 
the  weight  of  a  unit  length  of  the  layer."  •  ’  ” 


When  the  relationship  between  the 
concentration  of  the  substance  C  in  the 
solution  flowing  out  of  the  column  and 
the  voltime  of  the  solution  put  through 
Is  given  as  an  experimental  ciirve 
C  *  C  (V),  the  Integral  (2)  becomes  an 
area  bounded  by  the  curve  C  *  C  (V),  the 
concentration  axis,  and  the  ordinates 
Vc=Co  ^C=0*  Using  the  expres¬ 

sion  (2J  as  It  stands  often  Involves 
considerable  difficulty  because  of  the 
great  elongation  of  the  chromatographic 
"tall"  for  well-sorblng  substances.  It 
Is  simpler  to  use  graphic  Integration 
which  consists,  as  we  know  In  plotting 
a  curve  whose  ordinates  are  proportional 
to  the  values  of  the  given  Integral  at 
the  appropriate  points.  The  essence 
of  the  method  Is  evident  from  Fig.  1. 


' Hs/  I 
^  ~  “"“T* 

(V - • — ! — - - 


/  /  ✓  ^ 


i 
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Fig.  1.  Plotting  the  ab¬ 
sorption  isotherm  from  the 
experimental  desorption  curve. 
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Let  tia  assume  the  desorption  curve  C  *  C  (V)  has  heen  recorded.  We  1^ 
off  on  this  curve  a  series  of  points  ki,  ka,  ....  kr,  the  projections  of  stfcit 
on  the  axes  of  ordinates  and  abscissas  are  Oj#  Oa#  ....  O7  and  1,  2,*^,  TV 
respectively.  We  lay  off  the  length  QP  -  Mxq,  equaling  the  column  length  in 
this  case,  below  the  point  0.  Ve  call  the  length  OP  the  '*pole  distance.”  Srom 
the  point  P  we  draw  the  rays  P  -  1,  ?  “  2,  P  -  3#  etc.  Before  starting  our  jCot  * 
we  have  toTplck  some  point  through  which  the  desired  Isotherm  Is  to  pass, 
the  point  with  the  ordinate  C  «  Cof  where  Cq  Is  the  concentration  of  the  s;d££:ance 
at  the  formation  of  the  adsorption  ring,  and  the  abscissa  f(C)  *  f  (Cq)  (the  point 
'My  la  Fig.  1).  Ve  now  begin  the  approximate  plot  of  the  Isotherm.  From  the  point 

Mr  we  draw  the  straight  line  Mt^So  parallel  to  P  ~  7  and  thus  having  the  slope 

m  The  straight  line  Interesects  the  horizontal  OoPe  at  the  poliCMe. 

Through  the  point  we  draw  the  straight  line  M0M5  P  "*  6  until  It  Intersects  the 

horizontal  PsOg  at”the  point  M5,  and  so  forth,  points  Mi,  .... 

be  points  on  the  sought-for  Isotherm,  since  this  Isotherm  passes  through  the 
fixed  point  MrtfCCo),  £0],  and  the  tangents  to  the  Isotherm  at  any  concentrctijan 
values  will  have  Slopes  given  by  Equation  (1).  This  method  may  be  employed  cs 
secure  as  many  points  as  desired.  Connecting  the  points  by  a  smooth  curve  yoelds 
a  fairly  accurate  plot  of  the  Isotherm. 

The  Initial  section  OMi  of  the  Isotherm  f  (C)  Is  found  by  extrapolatlcc-  To 
find  the  Isobars  or  Isosteres  we  have  to  record  a  series  of  desorption  curvs  for 
C  ■  C(V)  for  various  temperatures  and  plot  the  corresponding  family  of  Isot^sczs 
Sy  tEe”graphlcal  method  outlined  above;  as  we  know  the  families  of  Isobars  nr 
Isosteres  may  be  readily  plotted  from  the  family  of  Isotherms. 

This  plot  Is  reproduced  In  Fig.  2.  The  desorption  cuarves  C_  (V),  C_  (T)  ... . 

jtx  *  ^2^  * 

have  been  used  to  plot  the  corresponding  Isotherms  f_  (c),  f„  (C)  ...for  tbe&f- 

0  2x  2^ 

ferent  temperatures  Ti,  T2  ...,  Ti>  T^^..  It  Is  obvious  that  the  Interssrcions 
Ms  “the  horizontals  OiPi,  drawn  at  some  distance  C  »  Ci  from  the  of 

abscissas,  with  the  Isotherms  *f^^(C),  f^^CC)  ...  are  points  along  the  deslr-n  isobar 

^  ^  ^^(T).  In  the  same  way,  we  see  from  Fig.  2  that  the  Intersections  kx,  ^  ^ 

of  the  vertlcafs  P2P2  with  the  Isotherms  are  points  on  the  Isostere  £^(0^ 

representing  the  constant  adsorbed  quantity  f(C)  *  a.  —  —  — 

The  converse  problem  of  plotting  the  desorption  curve  C  =  C(V)  from  a  krnwn 
adsorption  Isotherm  Is  Just  as  simple  (Fig.  3) .  We  divide  the  Isotherm  Ints  st 
arbitrary  number  of  sections  Oki,  kik2,k2k3...  Through  the  points  kx,  k2  ...^ 
draw  the  parallel  lines  1—1',  2-2',  3-3',  forth.  We  also  draw  the 

gents  kyky,  keke,  kskg  ...  to  the  Isotherm  at  these  points.  We  lay  off  the  jsie 
distance  OP  =  too  along  the  concentration  axis  to  the  left  of  0.  From  P  ve 
rays  POi,  PO2,  PO3  so  as  to  make  POiUkiki,  P02ilk2k2',  and  so  forth.  “ 

Through  the  point  O7  ve  draw  a  straight  line  parallel  to  the  axis  of 
abscissas  until  It  Intersects  the  vertical  J  ~  J'  (the  point  M7).  In  the 
way  we  draw  through  Oe  a  parallel  until’ It  cuts  6-6'  (the  point  Mo),  and  sc 
forth.  It  Is  readily  seen  that  Mi,  2^2  are  points  on  the  desorption  curve 
£  f  £(y).  Inasmuch  as  for  the  several  values  of  concentration  Ci,  C2,  C3,  t!» 
volumes  Vx,  V2,  V3  ...  will  have  values  that  are  fixed  by  Equation” (1)7 


xoM 


df (C, ) 


dc 


,  V2  *  XqM 


df(C2) 


dC 


and  so  forth. 
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Fig.  2.  Constmctlon  of  adsorption 
Isobars  and  Isosteres  from  a  fanlly 
of  desorption  curves  recorded  at  var¬ 
ious  temperatures. 


Fig.  3-  Graphical  method  of  finding 
the  desorption  curve  from  a  given  ad¬ 
sorption  Isotherm. 


In  the  construction  of  the  above  graphs  we  assumed  that  the  length  of  the 
adsoirptlon  column  was  the  same  as  that  of  the  adsorption  zone.  In  other  words, 
that  the  column  was  completely  "spent"  at  the  given  concentration  C  *  Co- 

Much  more  Important  In  chromatographic  practice,  however.  Is  the  case  where 
the  length  of  the  adsorption  zone,  Mxq  ,  Is  much  less  than  that  of  the  column 
Mx.  The  graphic  method  may  again  be  used  to  make  a  rapid  analysis  of  the  effect 
of  the  principal  parameters  upon  the  course  of  the  chromatographic  process.  Let 
us  determine,  for  example,  how  the  distribution  of  the  adsorbed  substance  varies 
throughout  the  length  of  the  layer  during  chromatographic  adsorption <  It  Is 
assumed  that  we  know  the  adsorption  Isotherm  f(C)  (Fig.  Uj,  as  well  as  the  volume 
Vq  of  the  solution  Initially  put  through  until  the  ring  first  appears,  and  the 
initial  concentration  Co  of  the  sorbed  substance  In  this  solution. 

In  the  Isotherm  graph  we  find  the  point  ^  with  the  ordinate  f(CJ  =  f(Co)» 
corresponding  to  the  given  concentration  Co-  We  lay  off  the  axis  0  -  to  to 

the  left  of  the  point  0.  On  this  axis  we  lay  off  the  length  too  =  ^f (coi^  which 

Is  evidently  the  Initial  length  of  the  adsorption  zone.  Then  PqPo*AiO  represents 
the  Initial  distribution  of  the  adsorbed  substance  in  the  column  at  the  onset  of 
chromatographic  adsorption.  We  are  required  to  find  the  distribution  of  the  sub¬ 
stance  at  the  time  the  forward  edge  of  the  adsorption  column  Is  shifted  to  the  end 
of  the  column,  toi  long. 
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Fig.  Separate  stages  of  the  "appearance**  of  the 
chromatographic  ring  In  a  long  column . 

We  draw  the  auxiliary  line  PAi.  Through  P©  we  pass  PqBi,  PiAi-.  J?!rom  Bi 
we  draw  _  kiki'  tangent  to  the  Isotherm  f  (C).  The  ordinate  OEi  » 
the  point  *of” tangency  Mi  Is  the  sought -for  wlue  of  adsorption  at  thms  point* 
Mxi.  To  determine  the  volume  of  solvent  Vi  required  to  shift  the  feira«rd  edge 
of  the  adsorption  column  to  the  point  Mxi  we  pass  the  straight  line  Pry^t  kiki* 
through  Pi  until  It  meets  the  axis  of  ordinates.  The  length  OCr  ih'  "Sthe 
desired  value  of  Vi. 

To  determine  the  length  ODi  of  the  column  section  from  which  the^  substance 
Is  completely  desorbed  as  the  result  of  the  passage  of  the  solvent  voalume  Vi, 
we  draw  CiPi  from  the  point  Ci  parallel  to  the  tangent  at  thc’  CTlgln  of 

the  Isotherm  (C  =  0)»  The  length  ODi  Is  the  desired  length  of  the  coSumn 
section.  Thus,  PiPi'Di  roughly  represents  the  distribution  of  the  scalded 
substance  along  the  length  of  the  layer.  Let  us  check  the  correctness  of 
this  construction. 

We  see  from  Fig.  ^  that 

PiPi*  EiO  *  ODiPx*  El  +  PiPi*  Di  (3> 

PiPi*  EiO  *  MxifCCi;;  (V) 


Mxidf(C;  =  Mxi 


ODiPiEi 


PiPi*  Di  »  Mx^f(Ca)  (6) 

(since  all  the  substance  distributed  through  the  layer  must  be  undforcEi3.y  adsorbed 
In  the  column  at  the  start).  Substituting  {k),  (5),  and  (6)  In  (3J,  get 


ltici,f(Ci)  -  Mxi  •  Cx  ♦  MXofteo), 

vfaence 

1-  MxflfCCo)  OAi 

«o  “  f(c)  -  5^  *  OBx  (7) 

This  expression  (7)  follows  from  the  similarity  of  the  triangles  OPiAi  and 
OPqBi.  Thus  the  point  Mxi,  determined  by  the  foregoing  construction,  satisfies 
Equation  (7)*  It  may  be  shown  Just  as  readily  that  CX^i  Is  actually  the  volume 

In  fact>  It  follows  from  (l)  that  V  »  Mx  ^£4^^  •  This  relationship 


between  7  and  x  Is  satisfied  In  the  construction.  It  also  follows  from  (l)  that 


OPi 


V 


so  that  the  length  ODj.  actually  gives  the  length  of  the 


column  section  that  Is  wholly  free  of  the  adsorbed  substance.  By  plotting  the 
same  diagram  for  a  longer  layer  one  can  obtain  a  clear  Idea  of  the  gradual 
evolution  of  the  chromatographic  ring  as  It  makes  Its  appearance  (see  the 
construction  for  x  «  xa  In  Flg.V).  . 


It  follows  from  Flg.U  that  this  method  can  yield  the  shape  of  the  resulting 
desorption  curve  C  *  Cf{)  Without  going  Into  a  detailed  exposition  of  this, 
we  shall  merely  make  the  followlrig  comments.  As  long  as  the  volume  of  solvent 
put  through  V  <  Vi,  the  concentration  of  the  sorbed  substance  In  the  solution 
exiting  from  a  column  Mxi  long  will  obviously  be  zero.  When  V  =  Vi,  the  concen¬ 
tration  Jumps  to  Cl.  Thus  the  point  Ei  In  Flg.U  Is  the  first  point  on  the 
desorption  cmrve  for  a  column  Mxi  long.  For  a  column  with  a  length  of  Mxg, 
the*  Initial  point  would  be  Ez,  etc.  It  follows  that  the  curve  Ei,  Ea,...  Is 
the  geometrical  locus  of  the  maxima  on  the  desorption  curves  of  columns  of 
various  lengths  for  a  given  quantity  of  the  Initially  sorbed  substance  m©  “■  VqSo 

In  Fig.  If  'we  are  dealing  with  a  case  In  which  the  colximn  length  Is  much 
greater  than  the  Initial  distribution  Mxr>.  If  the  difference  between  the  column 
length  Mxi  and  to©  Is  not  very  great,  the  construction  described  changes  some¬ 
what,  as  Is  seen  In  Flg.5« 


Flgl  5I  Initial  stage  of  the  y appearance 


of  the  chromatorgraphlc  ring. 


We  begin  by  connecting  the  point  Mo[f(Po)>  CqI  to  the  origin  0.  We  then  pass 
P4PQ  through  P4.  This  Intercept  is  the  desired  value  of  the  volume  y4  required 
for  the  forward  edge  of  the  adsorption  ring  to  shift  to  the  point  P4.  Through 
A4,  which  Is  the  projection  of  P©  upon  the  axis  of  ordinates,  we  pass  A4P4 

where  kakff*  is  the  thngent  to  the  Isotherm  at  its  origin.  The  intercept 
OP ’4'  IS  the  length  of  the  layer  that  Is  wholly  free  of  the  adsorbed  substance. 
Through  ^  we  also  draw  A4P4  .  ^:o^*Coy  where  k(;o*^*Co  tangent  to  the 

Isothena'at  the  point  M©.  The  Intei'cept  P4P4'*  is  the  region  in  which  the 
adsorption  substance  is  distributed  uniformly,  while  P4 '  P'4  is  the  region  of 
variable  distribution.  As  the  adsorption  ring  advances,  the  region  of  uniform 
distribution  gradually  grows  smaller  until  the  distribution  area  vanishes 
completely  at  the  point  P©  with  the  abscissa  Mxa#  as  shown  In  Flg.^.  The 
subsequent  evolution  of  the  adsorption  ring  is  shown  in  Fig. 4. 

The  similarity  of  the  triangles  0M©D  and  P4P'©P©  makes  It  easy  to  prove 
that  this  construction  is  correct. 


or  since 


gH  .  Co 
FoP'o  ^^Cjj 


(8) 


PoP*o  - 

II(X4  -  Xo)f  (C©)  *  V4C0 


(9) 


This  same  equation  may  be  derived  from  the  material  balance  of  the  process. 
Therefore,  the  Intercept  P©P©'  actually  is  the  volume  Moreover,  from  (l) 

the  location  of  the  point  p^  Is  given  by  the  equation  X4  »  (10)  y 

so  that  If  we  draw  a  straight  line  from  ^  parallel  to  the  tangent  at  the  point 


M©,  the  intercept  ^4"  will  satisfy  Equation  (10).  Similarly  X4 
(11),  and  hence  OPa*  actually  satisfies  Equation  (U). 


In  conclusion.  It  should  be  said  that  notwithstanding  the  cpnvenlence  and 
graphic  clarity  of  the  method  described.  Its  accuracy  Is  wholly  determined  by 
the  precision  of  graphic  differentiation,  which  Is  usually  rather  low,  so  that 
It  can  be  used  for  rough,  approximative  calculations. 
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THE  HEDQCiriQR  OF  CUHtIC  OXIDE  WITH  HYDROCXH 


N.  N.  telyuchenko  and  Ya.  S.  Rublnchik 


The  reduction  of  cupric  cxlde  with  hydrogen  Is  one  of  the  reactions  that 
take  place  at  the  boundary  of  three  phases:  a  gaseous  and  tvo  solid  phases. 
Hence,  an  Investigation  of  icv  this  reaction  occurs  is  also  of  Importance  in 
shedding  light  upon  the  mechsctsm  Involved  In  other  reactions  that  take  place 
at  the  boundary  of  these  phases. 

Although  several  papers  have  dealt  with  the  reduction  of  cupric  oxide 
[1,2,3],  some  of  the  Importara  problems  Involved  in  knowing  how  the  reaction 
occurs  remain  unclear.  One  cf  them  Is  so  Important  a  question  as  the  part 
played  by  the  solid  product,  copper.  In  the  autocatalysis  of  the  reaction. 

It  has  been  accepted  that  the  increase  In  the  velocity  of  topochemlcal  reactions 
with  time  Is  due  to  the  catalytic  action  of  the  solid  product  of  the  reaction 
[4,5].  One  of  the  present  ainhors  [a]  has  shown  that  the  autocatalysis  of 
topochemlcal  reeictions  is  the  result  chiefly  of  the  structure  of  the  Initial 
solid  product  and  may  be  totally  unrelated  to  the  solid  product  of  the  reaction. 
Research  on  the  reduction  of  raprlc  oxide  from  this  point  of  view  would  be  of 
Indisputable  Interest.  In  planning  the  present  research  we  had  In  mind 
learning.  If  possible,  the  part  played  by  the  solid  product,  copper.  In  the 
autocatalysis  of  the  reactlon- 

Accordlng  to  the  literature,  there  are  two  points  of  view  regarding  the 
reduction  of  metals,  Includinr  copper.  Some  research  workers  [t]  believe  that 
the  reduction  Involves  dissociation  of  the  oxides  into  the  metal  and  oxygen 
and  that  the  reducing  agents  ^d  CO  merely  accumulate  the  oxygen  In  the  • 
gaseous  phase,  thus  shifting  the  equilibrium  in  the  direction  of  dissociation. 
Others  [3,8,9]  state  that  redaction  does  not  depend  upon  dissociation,  but 
Involves  the  reducing  agents  adsorbed  at  the  surface  of  the  oxides. 

Another  objective  In  our  Investigations  was  an  experimental  determination 
of  the  part  played  by  dissociation  of  cupric  oxide  in  the  reduction  process. 

EXPERIMENTAL 

Copper  oxide  V3s_ produced  In  three  ways;  precipitation  with  alkali  from 
a  solution  of  copper  sulfate,  calcination  of  cupric  nitrate,  and  oxidation  of 
electrolytic  copper  wire.  The  oxide  was  prepared  by  precipitation  with  alkali 
by  the  method  described  in  the  hook  by  Ksiryagin  [10].  In  preparing  the  oxide 
by  calcination,  we  took  triply  recrystallized  cupric  nitrate  and  calcined  It 
at  600*  C  for  U  hours.  In  the  last  method,  the  electrolytic  copper  was  heated 
in  air  to  about  6OO*  C  for  20  hours.  The  hydrogen  was  produced  in  a  Kipp 
generator  by  the  action  of  sulforlc  acid  upon  zinc.  It  was  purified  by  passing 
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It  through  a  solution  of  potassium  bichromate  in  sulfuric  acid,  through  metallic 
copper  chips  heated  to  300*  C,  and  then  through  a  U-shaped  tube  filled  with 
anhj^ous  calcium  chloride. 

In  contrast  to  ^ase  and  Taylor  [i],  vho  employed  the  dynamic  method  In 
exploring  the  reaction  rate,  ve  adopted  the  static  method.  The  reaction  rate 
was  determined  by  the  amount  of  hydrogen  (in  cu  cm)  used  to  reduce  the  cupric 
oxide  per  unit  time.  The  hydrogen  pressure  vas  measured  by  means  of  a  mercury 
manometer  sealed  into  the  apparatus,  and  vas  kept  constant  during  the  run.  The 
amount  of  reacted  hydrogen  vas  determined  by  the  change  in  level  of  the  mercury 
In  the  buret. 

The  reaction  vessel,  containing  a  velghed  sample  of  the  cupric  oxide,  vas 
placed  In  a  thex*mostat,  the  temperature  of  vhlch  vas  held  constant  to  vithln 
♦  0.6*  C.  A  sample  of  cupric  oxide  velghlng  0.08  g  vas  placed  in  an  ampoule, 
vhich  vas  lowered  to  the  bottom  of  the  reaction  vessel.  Calcined  calcium 
chloride  vas  placed  at  some  distance  from  the  ampoule,  extending  as  far  as  the 
ground-glass  connection,  to  trap  the  vater  evolved  diurlng  the  reaction.  The 
calcium  chloride  vas  sepaxatt'd  fr  jm  the  reaction  space  by  a  glass  partition 
that  contained  minute  holes  in  its  side  through  vhlch  the  gas  could  pass  freely 
but  vhich  kept  back  the  calcium  chloride.  The  cupric  oxide  in  its  ampoule  vas 
placed  in  the  reaction  vessel,  then  the  partition  vas  put  in  place,  and  a  layer 
of  granxilated  calcium  chloride  vas  poured  in.  The  air  vas  evacuated  from  the 
apparatus  by  means  of  a  vacuum  pump  imtil  the  pressure  vas  10~i  mm.  Evacuation 
lasted  13  minutes  at  the  temperature  of  the  test  to  remove  adsorbed  gases  and 
vapors.  After  a  preliminary  run,  the  valve  vas  closed,  and  the  apparatus  vas 
filled  vith  hydrogen  until  the  desired  pressure  vas  reached.  The  time  at  vhich 
the  hydrogen  filling  vas  complete  vas  taken  as  the  start  of  the  run.  The  buret 
vas  read  every  5  o**  10  minutes,  etc.,  depending  upon  the  reaction  rate. 


4 


Fig.  1.  Variation  of  the  reaction  rate 
in  the  reduction  of  cupric  oxide  vith 
time  at  201*  C  and  =  Tllf  mm. 

A  —  Reaction  rate,  cu  cm/  min;  2  —  for 
cupric  oxide  produced  by  calcination  of 
a  salt;  ^  -  for  cupric  oxide  produced 
by  oxidizing  copper  in  air. 


0  20  kO  6^  100  f20  %0  fia  idSf 


Fig. 2.  Reduction  rate  of  cupric 
oxide  vith  hydrogen  as  a  function 
of. time  vhen  mercury  and  its  vapor 
are  present. 

A  -  Reaction  rate,  cu  cm/mlnj  B  - 
time,  minutes.  1  “  Mercury  vapor; 

2  “  liquid  mercury. 


The  cui*ves  1,  2,  and  3  reproduced  in  Fig.  1  give  the  reaction  rate  of 
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reduction  as*s  function  of  tioe  at  201*  C  and  Pg_  ■  71*^  n*  for  cupric  oxides 
prepared  by  three  methods:,  precipitation  with  alkali  (l),  calcination  of  a 
salt  (2),  and  oxidizing  copper  in  air  (2).  As  ve  see,  the  cupric  oxide 
produced  by  the  first  method  vas  reduced  most  rapidly,  followed  by  that  produced 
by  the  second  method,  and  last  that  by  the  third  method.  In  the  last  case, 
reduction  involved  an  induction  period  lasting  60  minutes.  The  reaction  took 
■ore  than  ^  hours  after  the  induction  period,  ^^reas  the  cupric  oxides  produced 
by  the  first  and  second  methods  vere  reduced  vithin  40  and  70  minutes,  respectively. 
As  ve  see  it,  the  difference  in  the  reduction  rates  is  due  principally  to  the 
dimensions  of  the  crystals  of  the  original  substance.  The  most  coarsely 
crystalline  product  vas  produced  by  oxidizing  copper.  Its  color  vas  gray, 
vhereas  the  product  secured  by  precipitation  vas  dark*brovn  and  more  finely 
disperse.  !nie  reaction  rate  of  the  oxide  produced  by  calcining  the  salt 
increased  100  per  cent  after  pulverization,  vhereas  the  reaction  rate  vas 
quadrupled  for  the  oxide  produced  by  oxidizing  the  copper  vire,  and  the  induction 
period  vanished. 

The  mean  reduction  rate  of  the  pulverized  and  impulverizcd  oxide  obtained 
by  oxidizing  copper  varies  irregularly  as  the  temperature  is  raised.  At  23^^ 

C  60^  of  the  unpulverized  cupric  oxide  is  reduced  vithin  IO3  minutes,  the  same 
percentage  of  the  pulverized  oxide  being  reduced  in  90  minutes.  Ro  induction 
period  vas  observed  in  either  case.  The  rate  in  the  former  case  vas 

3*10'^  cu  cm/min,  and  in  the  latter  2.3  *  10*i  cu  cm/min. 

Thus,  the  temperature  coefficient  of  the  reduction  of  an  oxide  produced 
by  a  single  method  depends  upon  the  degree  of  dispersion  of  the  product. 

Raising  the  temperature  34*  C  increased  the  mean  reduction  rate  280^  for  the 
unground  oxide,  and  only  3^^  for  the  ground  oxide.  It  seems  to  us  that  the 
slight  Increase  in  the  reduction  rate  of  the  ground  oxide  as  the  temperature 
is  raised  is  due  to  the  fact  that  diffusion  of  the  hydrogen  to  the  place  of 
reaction  plays  an  essential  part  in  the  reaction.  The  rise  in  the  reaction 
rate  vith  time  indicates  that  the  reaction  does  not  begin  all  over  the  surface 
of  the  crystals,  but  sets  in  at  individual  points  and  then  spreads  out  into 
the  crystal.  The  rate  of  its  spread  is  not  the  same  in  all  directions,  depending 
upon  the  crystallographic  direction  Involved.  The  reaction  rate  rises;  to 
caxlmum  as  it  crosses  certain  zones,  and  then  drops  off.  If  the  reaction 
occurred  at  the  boundary  between  two  adjacent  solid  phases,  copper  —  copper 
oxide,  and  the  copper  exercised  a  catalytic  effect,  the  presence  of  the  maximum 
bound^y  surface  between  the  two  phases  in  the  initial  product  ought  to  make 
the  reaction  rate  a  maximum  at  the  very  outset. 

We  made  the  following  tests  to  test  the  influence  of  the  boundary  upon 
the  rate  of  reduction.  Reduced  copper  powder  was  oxidized,  partially  or 
completely,  and  then  triturated.  The  amount  of  oj^gen  consumed  in  oxidizing 
the  copper,  as  well  as' the  oxidation  rate,  were  determined  by  the  same  method 
as  used  for  the  reduction  rate.  Oxidation  was  done  at  about  25O*  C  and  could 
be  stopped  at  various  copper  —  oxide  ratios.  We  thus  secured  a  product  containing 
20,  30,  40,  60  and  100^  of  copper  oxide  and  80,  70,  60,  40  and  0^  of  copper. 

The  copper  vas  in  close  contact  with  the  oxide  formed,  being  separated  from 
the  latter  by  the  boundary  surface.  Thus  we  could  secure  different  boundary 
surfaces,  depending  upon  the  degree  of  oxidation,  so  that  the  reaction  Involved 
in  the  reduction  of  the  oxide  should  have  taken  place  at  different  rates.  Ro 
natter  whether  the  oxidation  reaction  sets  in  at  individual  points  on  the  surface 
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or  simultaneously  all  over  the  surface  of  the  crystals,  la  the  reduction  reaction 
we  should  find  the  reaction  rate  to  be  Inversely  proportional  to  the  time.  If 
the  copper  begins  to  oxidize  simultaneously  all  over  Its  surface,  during  reduction 
the  boundary  will  shift  to  the  surface  Itself  and  will  Increase  until  practically 
all  the  oxide  Is  reduced.  Hence,  the  reaction  rate  ought  to  rise  until  all  the 
oxide  Is  reduced.  If  the  reaction  begins  at  separate  points  on  the  face,  the 
boundazy  surface  will  grow  during  reduction  until  the  oxidation  reaction  zones 
are  crossed,  when  it  diminishes .  Thus,  whereas  the  maximum  reaction  rate  should 
occur  at  the  onset  of  the  reaction  during  oxidation.  It  should  lie  at  the  end  of 
the  latter  during  reduction,  and  vice  versa. 

In  our  study  of  the  reduction  of  paurtlally  oxidized  copper  we  always  took  a 
sample  that  contained  0.04  g  of  the  oxide.  The  reaction  rate  was  the  same,  within 
the  limits  of  experimental  error,  for  all  the  samples,  being  ’:naffected  by  the 
degree  of  oxidation  of  the  copper.  The  curves  had  the  same  shape  as  those  secured 
for  the  reduction  of  the  oxides  produced  by  calcining  a  salt  and  by  precipitation 
with  an  alkali.  These  tests  lead  us  to  believe  that  the  growth  of  the  reaction 
rate  observed  during  our  experiments  Is  \*nrelated  to  the  catalytic  action  of  the 
copper  formed  during  the  reaction.  Nor  did  mixing  cupric  oxide  with  the  product 
of  Its  oxidation,  copper,  increase  the  reaction  rate. 

According  to  the  literature  [i],  moisture  gi*eatly  retards  the  onset  of  the 
reduction  reaction.  Once  the  reaction  has  set  in,  introducing  water  vapor  into 
the  reaction  space  does  not  affect  the  reaction  rate.  In  our  tests  the  water 
vapor  was  Introduced  into  the  reaction  vessel  via  a  ground-glass  stopcock 
connecting  the  vessel  to  another  containing  water.  The  entrance  of  the  water 
vapor  Into  the  reaction  space  could  be  shut  off  by  turning  the  stopcock.  The 
vessel  containing  water  was  Immersed  in  a  thermostat  at  various  temperatures  • 
that  did  not  exceed  room  temperature,  so  that  various  water  vapor  pressures 
could  be  secured. 

We  could  observe  no  effect  of  water  vapor  at  the  start  of  the  reaction 
or  subsequently  In  tests  made  at  105*  C  at  various  water  vapor  pressures,  using 
copper  oxides  produced  by  precipitation  and  by  calcining  a  salt. 

We  were  most  Interested  In  exploring  the  effect  of  mercury  and  Its  vapors 
upon  the  reaction  rate 

A  seimple  of  cupric  oxide  was  placed  In  one  ampoule,  and  mercury,  ranging 
In  weight  from  some  tenths  of  a  gram  to  a  few  grams,  was  placed  in  another 
ampoule.  Both  ampoules  were  placed  in  the  reaction  vessel.  The  cupric  oxide 
was  In  contact  with  the  mercury  vapor.  The  tests  were  run  at  20.5"C  The 
results  of  one  of  these  tests  are  represented  by  the  curve  1  In  Fig. 2.  The 
reaction  rate  Is  more  than  10  tines  smaller  when  mercury  vapor  Is  present  and 
passes  through  two  maxima  and  a  minimum. 

In  some  tests  the  mercury  was  mixed  directly  with  the  cupric  oxide  In  the 
reaction  vessel.  After  the  mixture  had  been  stirred,  the  reaction  vessel  was 
placed  In  a  thermostat,  and  the  oxide  was  reduced.  The  results  of  one  of  the 
tests  are  shown  in  Curve  2  of  Fig. 2,  The  induction  period  was  found  to  last 
some  60  minutes,  while  the  reaction  rate  was  about  two-thirds  of  that  In  the 
tests  using  mercury  vapor.  The  copper  powder  formed  during  the  reaction 
amalgamated  rather  easily.  We  made  use  of  this  property  to  Isolate  the  reaction 
product,  the  copper.  After  reduction  was  peurtlally  complete,  the  reaction  was 
broken  off  by  removing  the  hydrogen.  Mercury  was  added  to  the  reeictlon  vessel. 


and  the  copper  produced  dissolved  In  the  mercury  when  stirred  with  it,  the  ' 
mercury  being  then  removed  together  with  the  dissolved  copper.  The  reaction' 
rate^  after  this  mercury  processing  was  the  same  as  when  mercury  vapof’  veo  * 
present. 

The  sharp  drop  in  the  reaction  rate  in  the  presence  of  mercury  vapa.*  co* 
liquid  mercury  seems  to  us  to  he  due  to  the  fact  that  the  reduction  reaction 
involves  adsorbed  hydrogen,  so  that  the  mercury  adsorbed  at  the  surface  dimin^sies 
the  adsorption  of  the  hydrogen. 

In  this  connection  we  ran  tests  to  explore  the  effect  of  the  hydrogen 
pressure  upon  the  reaction  rate.  The  tests  were  run  at  the  following  hydrogem 
pressures:  200,  330  and  700  mm  mercury  column.  At  these  pressures  there  was 
little  difference  between  the  several  reaction  rates.  These  tests  thus 
indicate  that  the  reaction  involves  adsorbed  hydrogen,  the  mercury  affecting 
adsorption  considerably  and  thus  obviously  affecting  the  reaction  rate. 

Evaluation  of  Results 

The  reduction  of  cupric  oxide  is  a  reaction  in  which  the  crystal  lattice 
of  the  initial  product  is  disrupted,  the  crystal  lattice  of  copper  being  foz«9&. 
The  process  involved  in  the  reduction  of  the  oxide  and  in  the  formation  of 
crystalline  copper  may  be  represented  by  the  following  equations c 

CuO  Ayst.  Hi  *.Cu  HzO  ♦  i,  I:) 

gas  *  Cryst. 

•  _ 

The  latent  heat  of  sublimation  of  copper,  Q2,  is  81,000  Cal.  The  heat 
evolved  in  the  reaction  CuOcryst.  Hg  »  Cu  cryst.  HgO  is  31/300  Cal. 
tractlng  we  find  the  heat  absorbed  in  the  reaction  (1)  will  be  49,700  Cal, 

The  energy  of  crystallization  of  copper  cannot  be  utilized  to  activate  the  CxjC 
molecule,  since  the  copper  is  spatially  separated  from  the  cupric  oxide.  Ees=^ 
the  activation  energy  of  the  reaction  will  at  least  equal  the  heat  absorbed  dn 
the  reaction,  i.e. ,  49,700  Cal.  * 

The  conversion  of  the  copper  into  the  gaseous  phase,  followed  by  its 
conversion  to  the  crystalline  stqte  as  specified  by  Equation  (2)  seems  hardly 
likely  to  us,  since  the  former  process  is  highly  endothermic,  and  the  energy 
of  the  second  one  cannot  be  utilized  for  the  first  one.  It  is  evident,  thereiirat, 
that  the  formation  of  greater  supersaturations  of  copper  in  the  gas  phase,  as 
some  reseeurchers  assume  [11],  Is  not  very  likely.  It  Is  more  advantageous, 
the  energy  standpoint,  when  the  resultant  copper  atoms  remain  In  the  two- 
dimensional  space  as  adsorbed  atoms.  The  heat  absorbed  In  the  endothermic 
reaction  (l)  Is  increased  by  the  energy  of  interaction  between  the  copper  atass 
and  the  copper  oxide  lattice. 

Inasmuch  as  the  reaction  rate  Is  hardly  affected  by  the  hydrogen  pressing, 
the  reaction  must  Involve  adsorbed  hydrogen.  This  leads  us  to  think  that  the 
reaction  takes  place  as  follows: 


CuO  -f  H2  =  CuOHz  ads. 

CuOHzads.  -  Cuads.  HgO, 
Cuads.  *  Cucryst. 


nie  mercury  vapor  adsorbed  at  the  surface  blocks  the  active  centers, 
resulting  In  a  diminution  of  the  reaction  rate.  Pur  findings  on  the  effect 
of  mercury  vapor  and  hydrogen  pressure  Indicate  that  copper  oxide  is  reduced 
by  adsorbed  hydrogen  and  does  not  depend  upon  the  entrapment  In  space  of  the 
oxygen  evolved  during  dissociation. 

SUMMABT 

1.  A  study  has  been  made  of  the  kinetics  of  reduction  of  cupric  oxide 

by  hydrogen  In  the  159-235*  C  range,  the  oxide  being  ^oduced  by  three  methods. 
The  reaction  rate  was  found  to  Increase  with  time  In  every  case,  passing 
through  a  maximum  and  then  dropping  off. 

2.  A  study  has  been  made  of  the  reduction  of  cupric  oxide.  In  which  a 
boundary  surface  between  the  Initial  product  and  the  reaction  product  was 
established  by  oxidizing  copper  powder  before  the  stsirt  of  the  test,*  The 
tests  did  not  show  that  the  copper  had  a^  effect  upon  the  reaictlon  rate. 

3.  It  has  been  established  that  moisture  has  practically  no  effect 
upon  the  reaction  rate. 

k.  A  study  has  been  made  of  the  effect  of  liquid  and  vapor  mercury  upon 
the  reaction  rate.  It  was  found  that  mercury  greatly  retards  the  reduction 
reaction. 

5.  The  rate  at  which  cupric  oxide  Is  reduced  Is  only  slightly  affected 
by  the  hydrogen  pressure  In  the  200-700  mm  mercury  column  range.  The  reduction 
reaction  Involves  adsorbed  hydrogen. 
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A  SEW  METHOD  OF  FORMING  THIOINDIGO  OH  FIBEK 


N.  Rodloaqy,  B.  M.  Bogoslovsky,  and  2.  S.  Kazakova 


laboratory  of  Dye  Chemistry,  Moscow  Textile  Instltixte 

Thloindlgo  and  its  derivatives,  which  possess  exceptional  fastness  to>li|^(tt 
and  chlorine  and  exhibit  good  results  in  tests  of  other  types,  have  refflaliK& 
important  down  to  the  present  time.  Neither  the  high  price  of  thloindlgo  soar 
the  difficulties  of  dyeing,  which  are  well-known  to  every  dyer  and  are  charac.> 
teristic  of  all  vat  dyes  in  general,  has  Interfered  with  this  position. 
ing  with  indigoid  dyes  is  not  as  complicated,  to  be  sure,  as  their  use  la 
unflgared  dyeing,  but  even  in  printing  various  difficulties  crop  up,  which 
often  result  in  spoilage  or  even  in  the  scrapping  of  the  goods. 

In  view  of  the  difficulty  of  printing  with  indigoid  dyes,  several  methods. 
of  applying  the  dye  to  the  fiber  have  been  proposed  at  veu*lous  times,  startlogg 
directly  from  the  intermediates.  The  firm  of  Kalle,  for  example,  placed  on  tSms 
market  a  compound  of  the  following  structure  under  the  name  of  indigo  sal*t: 


which  was  rather  widely  employed  at  one  time  for  the  forming  of  indigo  directly/ 
on  the  fiber.  But  this  product,  which  required  2-aitrobenzaldehyde  for  its  fCaEr— 
mat Ion,  can  be  permanently  successful  only  If  the  cost  of  production  of  the 
latter  compound  is  low,  which  is  not  yet  the  case,  as  we  know.  Thus  it  is  not: 
surprising  that  the  subsequently  developed  indlgosols  (vat  sols),  which  were 
sodium  salts  of  blsulfate  esters  of  leuco  compounds  of  vat  dyes,  were  able  to 
displace  the  Indigo  salt  quickly.  Yet,  though  they  possessed  a  number  of  poaiv- 
tlve  qualities,  among  them-  dyeing  by  simple  Immersion,  even  and  deep  dyeins 
of  the  fabric,  resulting  In  the  color's  high  resistance  to  rubbing;  the  absencse 
of  an  alkaline  medi*im  for  dyeing  or  printing,  thus  making  it  possible  to  employe 
vat  sols  for  dyeing  and  printing  woolens,  vat  sols  are  not  free  from  some  very' 
serious  disadvantages.  The  latter  include  the  relatively  slight  solubility  oT. 
some  vat  sols  in  water,  and  the  high  cost  of  all  vat  sols,  without  exception. 

These  factors  greatly  limit  the  application  of  these  sols  In  production,  so 
that  they  are  Important  only  in  fabric  printing.  In  the  light  of  all  this, 
we  set  as  our  objective  the  synthesis  of  compounds  from  the  most  easily  avail-- 
able  intermediates  that  could  be  readily  converted  Into  thloindlgo  after  they  dead 
been  applied  to  the  fabric,  thus  providing  a  new,  cheap,  and  convenient  methodl 
of  printing  thloindlgo  for  the  textile  industry. 


- -L-A-wimjii  wiiriMi 


In  OMT  research  we  started  with  2-acety3-3-hydroxythlocaphthene,  fairly 
simply  synthesized  from  domestic  raw  materials,  which,  as  V.  M.  Rodionov,  has 
shown,  can  he  converted,  once  It  has  been  applied  to  a  fabric  together  with 
a  thickener.  Into  thlolndlgo  by  saponifying  the  acetyl  group,  followed  by 
oxidation.  But  as  the  conditions  governing  the  splitting  out  of  the  acetyl 
group  had  not  been  worked  out  w?.th  sufficient  precision  at  the  time,  the 
thlolndlgo  yield  was  extremely  low.  Because  of  this,  large  amounts  of 

2- acetyl-3-hydroxynaphthene  had  to  be  added  to  the  thickener  to  achieve  an 
adequate  colorlstlc  effect,  which  made  the  new  printing  method  of  little  prac¬ 
tical  Interest.  In  our  research  we  made  a  study  of  the  properties  of  this 
compound  and  managed  to  find  a  method  of  quickly  and  readily  splitting;  out  the 
acetyl  group  and  to  work  out  a  method  of  dyeing  and  printing  with  thlolndlgo, 
starting  out  with  2-acetyl-3-hydroxynaphthene.  The  optimum  procedure  for 
saponifying  the  acetyl  group  was  found  to  be  using  a  31^  solution  of  sodium  hy¬ 
droxide,  the  process  being  most  rapid,  according  to  our  observations,  at  the 
outset,  after  which  the  rate  at  which  the  acetyl  group  Is  split  off  falls 
rapidly.  After  finding  favorable  conditions  for  saponification,  we  tested 
the  possibility  of  using  It  for  immersion  (unflgured)  dyeing  and  for  printing. 

In  the  Immersion  dyeing  of  fabrics  we  employed  a  solution  of  3  g  of  2-acetyl- 

3- >hydroxythlonaphthene  In  100  ml  of  a  3^  solution  of  sodium  hydroxide  and  3 

ml  of  alcohol.  Immersion  dyeing  lasted  3  minutes  at  SO'*,  followed  by  wringing, 
drying,  steaming  for  3-1^  minutes,  processing  with  an  oxidant  potasslvus 
ferrlcyanlde,  washing,  and  drying.  Tests  In  which  the  oxidizing  agent  was 
Introduced  Into  the  Immersion  bath  Indicated  that  this  made  It  possible  to 
Increase  the  Intensity  of  dyeing,  but  the  samples  invariably  proved  to  be 
heavily  soiled,  the  staining  being  hard  to  remove  with  Turnbull* s  blue. 

Adding  a  catalyst  (10  g  per  liter)  to  the  immersion  bath  Increased  the  depth 
of  dyeing  somewhat.  It  should  be  noted  that  an  attempt  to  substitute  other 
oxidants  (HgOz,  hypochlorite,  sodium  chlorite,  chloramlne-T)  for  the  potassium 
ferrlcyanlde  was  unsuccessful. 

In  checking  the  feasibility  of  using  2-acetyl-3-hydroxythlonaphthene  for 
textile  printing  we  employed  a  printing  Ink  containing  30  g  of  2-acetyl-3-hy- 
droxythlonaphthene  and  30  S  of  sodium  hydroxide  per  kilogram  of  Ink.  After 
printing,  the  samples  were  dried  and  treated  with  potassium  ferrlcyanlde. 
Parallel  tests  were  run  In  which  the  oxidizing  agent  mentioned  was  added  to 
the  printing  Ink.  When  this  was  done,  the  samples  were  steamed  and  then 
washed  for  20  minutes  at  80*  In  a  soap  solution  (3  grams  per  liter).  The 
same  result  may  be  obtained  by  washing  In  an  acid  bath  (10  grams  of  hydrochloric 
acid  per  liter,  60*,  13  minutes). 

The  most  Intense  coloring  of  the  pattern  was  secured  when  the  potassium 
ferrlcyanlde  was  added  to  the  printing  Ink,  though  it  was  then  somewhat  dul-er 

SUMMARY 

1.  Our  research  Indicates  that  our  proposed  new  method  of  dyeing  and 
printing  with  thlolndlgo  has  proved  its  worth  on  a  laboratory  scale. 

2.  Certain  refinements  may  be  required  when  the  proposed  method  Is  used 
under  factory  conditions. 

Received  June  6,  1950 
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UBVELOPMEHT  op  a  PRaESS  OF  OXIDATION  AFTER  A  CATALXST  HAS  w™ 
REMOVED  FROM  THE  REACTION  ZQNE^ 


7*  K.  Tsyskovskyaxxd  H.  A.  Kiselevm 

In  our  preceding  reports  we  have  shown  that  the  catalyst  was  converted  from 
the  quaslherterogeneous  (mlcroheterogeneous)  state  Into  a  herterogeneous  state 
by  the  action  of  the  reaction  products  during  the  oxidation  process. 

On  the  basis  of  the  classical  concepts  [^],  according  to  which  a  catalyst 
la  able  to  sorb  atmospheric  oxygen  on  its  surface  during  oxidative  reactions, 
producing  a  complex  of  Intermediate  compounds  of  the  peroxide  type.  It  may 
be  assumed  that  this  process  would  comtlnue  even  when  the  catalyst  was  con* 
verted  Into  the  heterogeneous  state.  In  that  case  Intermediate  complexes 
ought  to  be  formed  as  long  as  the  catalyst  Is  present  In  the  reaction  zone. 
Irrespective  of  Its  physicochemical  state.  As  a  matter  of  fact,  despite 
the  ^einsltlon  of  the  catalyst  from  the  quaslhomogeneous  to  the  heterogeneous 
state  and  the  reduction  of  Its  active  surface  by  several  hundred  per  cent,  the 
oxidation  reaction  rate  and  Its  course  were  not  affected. 

When  the  catalyst  was  converted  Into  the  heterogeneous  state.  Its  active 
surface  was  represented  by  a  thin  layer  of  low^moleculeo*  metallic  salts  that 
settled  on  the  walls  of  the  reactor  In  the  liquid-phase  zone  and  was  Infinites¬ 
imally  small  compared  to  the  surface  of  the  active  particles  of  the  colloidal 
catalyst.  Moreover,  the  concentration  of  the  active  metal  In  this  layer  was 
n<^  longer  the  same  as  at  the  outset,  being  thousands  of  per  cent  smaller  (which 
explains  the  preclpatlon  of  the  bulk  of  the  modified  catalyst J. 

This,  It  seemed,  was  further  proof  that  the  catalyst  continued  to  operate 
after  It  had  become  heterogeneous,  as  If  no  changes  had  occurred  In  Its  state. 
Hone  the  less,  the  constancy  of  the  reaction  rate  and  of  the  course  of  the 
reaction  does  not  agree  logically  with  a  decrease  In  the  active  surface  of 
the  catalyst  and,  hence,  with  a  decrease  In  the  quantity  of  Intermediate  com¬ 
plexes  formed  at  that  surface.  It  might  have  been  supposed,  la  turn,  that  the 
active,  accelerating  action  of  catalysts  ceases  In  general  as  soon  as  they  have 
been  converted  Into  a  heterogeneous  state. 

After  that,  the  modified  catalyst,  which  was  heterogeneous  with  respect 
to  Its  susbstrate,  would  no  longer  be  able  to  affect  the  subsequent  course  of 
the  oxidation  reaction  at  all  and  thus  could  be  regarded  as  eux  Inert  substance 
without  any  catalytic  properties  In  the  given  case. 

Only  the  last  of  these  assumptions  could  be  confirmed  experimentally. 

This  was  done  by  making  two  experiments. 

In  one,  oxidation  was  continued  until  a  certain  stage,  the  modified 

i)  Report  III  of  a  series  on  the  acclon  of  colloidal  quaslheterogeneous 
catalysts  In  the  liquid-phase  oxidation  of  kerosene  fractions. 
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catalyst  remaining  In  the  substrate  to  be  oxidized  until  the  end  of  the  re-  ^ 
action.  In  the  other,  the  substrate  vas  oxidized  (under  the  same  conditions) 
until  the  catalyst  had  been  transformed  into  a  new  state,  after  which  the 
modified  catalyst  was  removed  and  oxidation  of  the  substrate  was  continued. 

The  first  experiment  was  run  in  the  usual  manner,  while  the  second  one 
vas  carried  out  as  follows. 


The  substrate  vas  oxidized. with  the  catalyst  in  a  glass  reactor  fitted 
with  a  photo-electric  cell  (*],  so  that  the  change  in  the  state  of  the  cata¬ 
lyst  could  be  continuously  recorded  photocolorimetrically. 

When  the  relative  light  absorption  became,  a  minimum  (an  indica¬ 

tion  of  the  complete  replacement  of  the  radical  in  the  high-molecular  salt), 
the  oxidation  reaction  vas  stopped.  The  oxidized  substrate  vas  discharged 
from  the  reactor,  cooled,  and  filtered  through  a  No.  U  porous  filter,  all 
the  modified  catalyst  filtering  out  as  a  cxystalline  substance.  Not  even 
a  trace  of  the  catalyst  cation  was  found  in  the  filtered  substrate  by  specto- 
graphic  analysis.  The  filtered  substrate,  perfectly  free  of  the  catalyst, 
vas  then  oxidized  anew  under  the  same  conditions  as  before. 


In  this  test,  the  total  time  consisted  of  two  sepeurate  intervals:  from 
the  onset  of  oxidation  until  the  emptying  of  the  reactor,  and'Trom  the  re¬ 
charging  of  the  substrate  to  the  end  of  the  process.  This  aggregate  time  equaled 
the  length  of  the  run  in  which  the  substrate  vas  oxidized  with  removal  of  the 
catalyst. 

When  we  compeure  the  results  of  the  two  tests  of  oxidation  of  the  same  sub¬ 
strate  for  the  seime  length  of  tine,  we  readily  see  that  there  has  been  no  change 
la  the  quantitative  results  of  the  reaction  (see  Tabled 


Znd  Result  of  the  Reaction  Involving  Oxidation  of  a  Substrate  With  the  Catalyst 
Rreseat  to  the  End  of  the  Reaction  and  With  the  Catalyst  Removed  After  It  had 
Acquired  New  Physicochemical  Properties 


Oxidation 

conditions 

Catalyst  concentra¬ 
tion,  metal  as  ^  by 
weight  of  the  sub¬ 
strate 

Residue  in  the 
liquid  phase 
after  oxidation, 

%  of  the  sub¬ 
strate 

Yield  of  saponifiable 
oxidation  products, 

^  of  the  substrate 

With  catalyst 

present . 

^  o.oi^ 

89.3 

Ik.O 

With  catalyst 

taken  out.... 

69.2 

12.4 

With  catalyst 

present...... 

►  0.08 

95.5 

17.5 

With  catalyst 

taken  out.... 

95.7 

18.8 

With  catalyst 

1 

present . 

^  0.12 

95.2 

12.5 

With  catalyst 

1 

taken  out.... 

i 

13.2 
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Vo  appreciable  difference  in  the  reaction  kinetics  vas  perceptible  in 
this  case.  A  certain  discrepancy  between  the  numerical  data  (increase  or 
decrease)  vas  attributable  to  the  known  experimental  error. 

It  is  characteristic  that  the  operation  of  removing  the  catalyst,  in¬ 
volving  cooling  of  the  substrate  and  an  interruption  of  oxidation,  did  not 
affect  the  end  result  of  the  experiment. 

These  exx>erlments  have  shown  that  the  elements  of  active  catalysis  are 
found  only  at  the  outset  of  the  oxidation  reaction,  which  develops  thereeifter 
along  the  given  lines  autocatalytically,  without  the  catalyst  participating. 

By  following  the  time  changes  in  the  peroxide  number  of  the  substrate  to 
be  oxidized  (Fig.  1)  we  readily  see  that  the  kinetic  process  of  oxidation  de¬ 
velops  in  the  same  way  when  a  catalyst  is  present  (Curve  1)  and  after  it 
teen  removed  from  the  sphere  of  reaction  (Ciirve  2),  which  also  explains,  at 
the  bottom  the  identical  quantitative  results  obtained  in  the  two  cases.  The 
same  holds  true  when  we  examine  the  acid  number  curves  of  the  substrate, 
oxidized  with  a  catalyst  present  'Fig.  2,  Curve  1)  and  then  removed  (Curve  2), 
which  are  also  the  same. 

To  exclude  the  suspicion  that  the  subsequent  course  of  the  oxidation  re¬ 
action  involves  the  catalytic  action  of  the  acid  products  (as  some  researchers 
believe),  we  eliminated  the  latter  from  the  substrate-  This  was  done  by  fil¬ 
tering  the  substrate  and  then  treating  it  with  a  10^  aqueous  solution  of 
sodium  hydroxide  imtll  its  acid  number  vas  zero.  To  eliminate  the  sodium 
ion  completely  the  substrate  vas  then  treated  with  a  10^  solution  of  BCl 
and  washed  with  distilled  water  until  all  the  Cl*  ion  was  removed  (as  shown 
by  a  test  with  AgNO?). 

After  this  operation  the  peroxide  number  of  the  substrate  dropped  from 

0.178  to  0.072. 

The  substrate  subjected  to  oxidation  (Fig.  2,  Curve  3J  vas  oxidized  some¬ 
what  more  slowly  than  in  the  first  two  Instances.  The  only  possible  reason 
for  this  is  a  drop  in  the  total  of  peroxide  compounds. 

Hence,  this  phenomenon  enables  us  to  divide  the  so-called ‘‘catalytic*’ 
oxidation  process  into  two  periods;  an  initial  period  of  the  primary  state  of 
the  catalyst  (or,  as  it  used  to  be  called,  the  induction  period),  i.e. »  the 
period  during  which  the  oxidation  reaction  is  controlled  by  the  catalyst's 
action;  and  a  second  period  characterized  by  the  autocatalytic  course  of  the 
reaction,  via  the  peroxides  (with  no  catalyst  present),  which  exhibits  a  dis¬ 
tinct  chain  character  [^J.  This  second  period  may  continue  for  an  extraordin¬ 
arily  long  time,  until  the  reaction  chains  are  broken  by  the  Influence  of  the 
wall  or  an  inhibitor. 

In  Its  overall  complexity,  this  process  is  sharply  distinguished  from  the 
usual  process,  which  is  autocatalytic  from  the  very  outset  (Fig.  1,  Curve  3* 
and  Fig.  2,  Curve  ^»). 

A  very  curious  fact  is  the  undoubted  dlsproportlonallty  between  the  acid 
and  percxlde  numbers .  The  accumulation  of  peroxides  in  the  autocatalytic  oxi¬ 
dation  process  apparently  takes  place  more  rapidly  than  the  formation  of  acid 
compounds,  the  concentration  of  which  at  the  start  of  the  process  is  extremely 
small. 
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Fig*  I.  rynamlcs  of  the  evolutioa  Fig.  2.  Pynamlcs  of  the  evolution 

of  the  peroxide  nunhers.  of  the  acid  number  a. 

A  —  Peroxide  number >  B  —  Time,  hours.  A  —  Acid  nimber,  mg  of  KOH  per  gramj 

<3xldatlon  conditions;  1  —  with  cata-  ~  Time,  hours. 

lyst  present;  2  —  after  removal  of  Oxidation  conditions-.  1  —  with  cata- 

the  catalyst;  ^  —  without  a  cata-  lyst  present;  2  —  after  removal  of 

Ljst.  catalyst  by  filtration;  ^  ”  after 

removal  of  catalyst  and  treatment  of 
unsaponlfled  constituents  with  10^ 
SaOH  solution  and  10*  ECl  solution; 
h  —  without  a  catalyst. 

In  the  complicated  process  of  Joint  catalysis  the  processes  of  formation 
of  peroxides  and  acid  products  are  more  harmonious . 

, It  may,  therefore,  be  stated  that  in  autocatalytic  oxidation,  the  time 
during  which  peroxides  are  accumulated  may  be  considered  to  be  the  induction 
period. 

SUMMARI 

1.  The  concept  of  a  colloid  quasiheterogeneous  catalyst  as  a  substance 
that  constitutes  intermediate  complexes  of  the  peroxide  type  with  atmospheric 
oxygen  and  remains  chemically  unchanged  Itself  until  the  end  of  the  oxidation 
reaction  must  be  regarded  as  obsolete. 

2.  Even  if  a  catalyst  should  form  intermediate  compounds  with  atmospheric 
oxygen,  it  does  so  only  at  the  outset  of  an  oxidation  reaction,  for  a  period  of 
time  that  is  Infinitesimally  short  compeured  to  the  overall  reaction  time. 

5.  An  oxidation  reaction  develops  catalytlcally  at  the  start,  but  then 
evolves  autocatalytlcally  and  exhibits  a  distinctly  chain  character. 

LITERATURE  CITED 

[1].  "Kinetics  of  catalysis'*.  Jubilee  Symposium  of  the  USSR  Acad.  Scl., 
Vol.  IV  (1937).  - ^ - 

[21  V.  K.  Tsyskovsky,  J.Appl.Chea.  27,  7  (1950). 

13 J  R*  H.  Semenov,  Chain  reactions  (193^). 

Received  April  28,  1950. 

See  Consultants  Bureau  Translation,  p.  797. 


RUBBER  VULCANIZATIOH 
.  H.  L.  Remlrovslgr 


Despite  the  great  practical  intportance  of  the  vulcemlzlng  of  rubber,  the 
fundamental  process  of  the, rubber  industry,  the  nature  of  this  process  Is  far 
from  certain. 

At  the  present  time  the  ‘'bridge*  theory  of  the  formation  of  a  three'dlmen- 
slonal  structure  is  widely  accepted  euad  is  the  prevailing  one.  This  theory 
asserts  that  during  vulcanization  the  straight  chain  rubber  molecules  €ure  linked 
together  by  a  vulcanizing  agent,  forming  a  sort  of  sulfur  or  other  "bridges’*  that 
‘'lace**  the  rubber  molecules  together,  so  to  speak.  The  prevailing  theory  attri¬ 
butes-  the  change  in  the  physical  and  mechanical  properties  of  rubber  when  acted 
upon  by  a  vulcanlzer  to  this  constitution  of  intermolecular  chemical  bonds.  The 
change  in  the  physical  and  mechanical  properties  of  rubber  aire  explainable  by 
the  formation  of  three-dimensional  structures  of  this  sort..  Various  experimental 
findings  are  hard  to  reconcile  with  the  "bridge’*  theory  of  rubber  vulcanization,  - 
however. 

EXPERIMEHTAL 

Vulcanization  of  natural  rubber  with  iodine.  The  following  rubber  compound 
(parts  by  weighty  was  used  in  the  tests  of  vulcanization  with  iodine: 


Xhibber  (smoked  sheets!  100  100  100  100  100  100 


Iodine .  0.1  0.5  1  3  5  7*5 

Ethyl  alcohol  ........  10  10  —  —  —  - 

BaCOa .  25  25  25  25  25  25 


The  solid  iodine  was  ground  in  a  porcelain  mortar  with  baryta  in  order  to 
effect  more  uniform  distribution  of  the  iodine  throughout  the  rubber.  At  low 
iodine  percentages  (0. 1-0.5^!  alcohol  was  added.  Mixing  was  done  in  mills 
using  cold  rollers.  Heating  vas  done  in  molds.  The  prepeired  compound  was  placed 
in  the  mold,  using  a  slight  excess  to  ensure  that  the  mold  was  well  filled  and 
to  facllltfte  the  maximum  displacement  of  atmospheric  oxygen  from  the  mold. 
Heating  the  rubber  that  contained  a  high  percentage  of  iodine  involved  decom¬ 
position  and  the  conversion  of  the  rubber  into  a  resinous  mass.  No  vulcanization 
was  perceptible  when  0.1-1^  of  iodine  was  used.  The  test  results  of  vulcanized 
rubbers  containing  3-7»55t  of  iodine  are  given  Tables  1,  2,  and  3- 

The  per  cent  elongation  and  the  residual  elongation  changed  considerably 
in  all  the  experiments.  The  resistance  of  the  vulcanized  rubbers  to  swelling  in 
benzene  is  worthy  of  note.  The  extent  of  swelling  diminished  lU8^  at  l60*,  being 
approximately  on  a  par  with  the  swelling  of  sulfur  vulcanized  rubbers. 
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TASZZH 

Effect  of  thel^r-Qtage  of  Iodine 
Upc^  the  Vulcarlstion  of  Rubber 


Beating  Tlae:  ID  Minutes; 
Temperatc»:  120* 


Rubber  tests  | 

Per  c< 

?nt  Iodine  _ 

3 

-li 

Tensile  strength, 
kg/sq  cm  . 

9.7 

12 

13.7 

Elongatloiv  per 
cent . 

U30 

910 

b03 

Besldtwl  elonga¬ 
tion,  per  cent  1 

!  63 

51 

12 

Swelling  In  ben¬ 
zene  after  2b 
hours  #  per  cent 

i 

1 

1 

920 

7b0 

21222 


Effect  of  Changes  in  Temperature 
Upon  the  Vulcar^mtion  of  Rubber 
V»T  cent  lodaei  7-51^5 


Vulcanization  ire-;  ICO  Minutes 

lemperatuTP  *  C 

.A  T  L  *  -  I  I  r  • 


Rubber  tests  •13” 

120 

Ibo"'  ' 

i^o 

Tensile  strength,  J 
kg/sq  cm .  ]  12 

1 

13.7 

15.2 

36.5 

Elongation,  par  j 

•  cat .  I?? 

b03 

307 

*55 

Residual  elonga-  4 
tlon,  per  cent  |  ^ 

12 

5 

0 

Swelling  In  ben-  | 
zene  after  2b  i 

hours,  per  cent.  Z2b 

1 

TbO 

1 

‘53J 

t 

lb8 

TABSJ 


Effect  of  Heating  upon  the 
Vulcanlzatlcc.  otf  Rubber 
Per  cent  lodTK  7-5f‘> 
Teaperatxrs.  iUO* 


Rubber  tests 


Tensile  strength, 

kg/sq  cm  . 

Elongation,  per 

cent . 

Residual  elonga¬ 
tion,  per  cent. 


Time,  minutes 


10 

20 

bo 

15.2 

16.1 

33 

120 

62 

:  3 

1 

0 

Analysis  of  the  solvent  to 
find  the  percentage  of  vulcanized 
rubber  It  contained  after  swelling 
Indicated  that  the  vulcanized  rubber 
did  not  dissolve  In  benzene. 

These  flndlzigs  on  the  changes 
In  the  properties  of  rubber -due  to 
the  action  of  Iodine  are  evidence 
that  Iodine  Is  a  vulcanlzer  of 
rubber. 

As  ve  know,  the  addition  of 
Iodine  to  an  unsaturated  hydrocarbon 
Involves  the  following  reaction: 


In  the  light  of  the  foregoing 
and  of  this  outline  of  the  action, of 
Iodine,  It  must  be  concluded  that  the 
vulcanization  effect  (the  formation  of 
soft  rubbers)  Is  produced  by  the  Intra¬ 
molecular  reactions  In  which  the  double 
bonds  of  the  rubber  are  saturated  by 
the  vulcanizing  agent. 

Vulcanization  of  rubber  with  large 
amounts  of  sulfur.  Vulcanizing  rubber 
with  large  amounts  of  sulfur  enables  us 
to  explore  the ‘changes  In  the  mechanical 
properties  of  rubber  throughout  the 
rubber  vulcanization  process,  from  the 
soft  rubber  to  hard,  hornlike  ebonite- 

The  rubber  compounds  had  the  fol¬ 
lowing  compositions  (parts  by  weight): 


Rubber  (smoked  sheets)  100  — 

Dlvlnylsodlum  rubber. .  **  100 

Sulfur  .  50  50 

Dlphenylguanldlne  ....  2  2 


Vulcanization  was  done  In  a 
steam  press  at  lU?*  for  1,  3,  5,  7, 

10,  15,  20,  25,  30,  UO,  50,  60,  80, 

and  100  minutes. 
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Changes  la  the  mechanical  properties  of  vulcanized  rubbers  as  affected  by  the  com¬ 
bined  sulfur  and  the  specific  gravity  of  the  rubber  compound. 

I  —  Made  from  natural  rubber;  n  —  made  from  dlvlnylsodlum  rubber.  A  —  Tensile 
strength,  kg/sq  cm;  Ai  -  Fer  cent  sulfur;  ^  -  Specific  gravity;  b”-  time,  minutes; 
C  —  per  cent  elongation.  1  —  Tensile  strength;  2  -  per  cent  elongation. 

There  Is  but  little  difference  between  the  mechanical  properties  of  vulcanized 
natural  rubber  and  those  of  vulcanized  dlvlnylsodlum  rubber,  except  In  the  stage 
of  vxilcanizatlon  during  the  first  I5  minutes,  during  which  there  Is  a  great  differ¬ 
ence  between  In  their  mechanical  properties.  Nor  was  there  much  difference  be¬ 
tween  these  vulcanized  rubbers  In  their  subseouent  processing. 

There  was  nardly  any  change  in  the  tensile  strength  (about  20  kg/sq  cm)  of 
the  natural  rubbc-r  during  the  time  Interval  from  15  to  JO  minutes  or  of  the  dlvlnyl¬ 
sodlum  rubber  (SKB)  [RUSSIAN  ABBREVIATION  FOR  -rHIS  SYNTHETIC  RUBBER]  during  the  time 
Interval  from  1  to  5O  minutes,  notwithstanding  the  substantial  Increase  in  the  per¬ 
centage  of  combined  sulfur  (as  much  as  26-28^  of  the  rubber).  This  led  us  to  suppose 
that  there  are  practically  no  Intermolecular  chemical  reactions  between  the  rub\.ier 
and  the  sulfur  (formation  of  “bridges”)  for  a  long  period  of  vulcanization  (forma¬ 
tion  of  soft  rubber).  This  point  of  view  is  supported  by  Reblnder  and  Pisarenko  [^]. 
They  assert  that  "according  to  the  bridge  theory,  the  strength  of  the  SKB  vulcanized 
rubbers  ought  to  be  Increased  by  raising  the  percentages  of  combined  sulfur,  but  no 
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Increase  In  strength  vas  ohseirred  eren  when  hl^  percentages  of  sulfur  vere 
Introduced  Into  the  SKB.  ”  At  the  same  time,  noting  that  of  the  com¬ 

bined  sulfur  does  not  enter  Into  the  formation  of  "bridges'*,  Reblnder  and 
Pisarenko  point  out  the  Importance  of  the  sxilfur  that  reacts  with  the  rubber 
Intramolecular ly,  forming  polar  groups,  a  formation  that  they  regard  as  the 
principle  underlying  the  changes  in  the  physical  and  mechanical  propejrtles  of 
rubber  due  to  Tulcanliatlon. 

bout  denying  the  Importance  of  polar  groups,  ve  still  must  say  that 
t-*'  .  format •*'^n  Is  by  no  means  the  basic  reason  for  the  change  In  the  pro- 
c*  /-.'r  during  vulcanisation. 

TS'  .  orK.>  _i^a  of  polar  groups,  like  that  of  **brldge8**,  does  not  explain 
the  Ir  u  ^  lowered  strength  of  the  vulcanized  rubbers  referred  to  above, 
desplie  the  '^bstantlal  Increase  In  the  percentage  of  combined  sulfur  and, 
hence,  of  toe  polar  groups. 

The  following  factors  should  be  borne  In  mind  In  thl^'  connection,  as  the 
authors  of  the  present  paper  see  Its  . 

1)  The  conditions  governing  the  mutual  bonds  between  the  molecules  In 
the  rubber,  which  constitute  a  system  of  Intertwined  long  straight-chain 
molecules  spaced  close  together. 

2)  The  change  In  form  of  the  straight -chain  rubber  molecules  caused 
by  the  Interaction  with  sulfur  and,  as  a  result  thereof,  the  shrinkage  of 
the  whole  systen  subsequently  confirmed  by  experiment  (cf  the  figure) - 

3)  The  ^-«»;3bllshment  of  deformed  and  stressed  states  within  the  rubber 
moleciiler.  i'./zov  papers  [*]  on  caoutchouc  and  rubber  Indicate  that  he  attri¬ 
buted  euro* d.i able  Importance  to  the  shrinkage  of  rubber  during  vulcanization, 
bellevli,  that  the  specific  gravity  of  the  compound,  due  to  the  shrinkage  of 
the  whole  mass,  was  the  clue  to  the  nature  of  rubber  vulcanization. 


Tne  strength  Increased  abruptly  and  considerably  when  natural  rubber  was 
vulcanized  for  30  lo  100  minutes  and  when  dlvinylsodlum  mibher  was  vulcanized 
for  50  to  100  mlnutee.  In  this  stage  of  vulcanization  the  rubber  changes  ftrom 
a  soft  elastic  state  Into  a  hard,  hornlike  product  (ebonite),  possessing  ex¬ 
ceptionally  high  mechanical,  physical,  and  chemical  properties.  In  contrast 
to  a  soft  rubber,  the  formation  of  such  a  product  Is  readily  explained  by  the 
Intermolecular  chemical  reactions  ** lacing'*  the  straight-chain  rubber  molecules 
Into  a  strong  system.  This  Is  home  out  by  the  substantial  Increase  In  the 
strength  of  rubber  when  the  percentage  of  combined  sulfur  Is  raised  slightly 
during  the  stage  In  which  ebonite  Is  formed. 


8U>04ARr 

The  vulcanizing  of  caoutchouc  to  a  soft  rubber  may  he  brought  about  by 
Intermolecular  reactions. 

The  author  wishes  to  thank  E.  E.  Sorkln,  M.  M.  Kuhanov,  D.  E.  Martynenko, 
E.  E.  Kanstantlnova,  and  A.  T.  Sidorlnova  for  the  performance  of  various  tasks 
Involved  In  preparing  the  rubber  and  ebonite  samples  aad  testing  them. 
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Honene  was  polymerized  in  sealed  ampoules  (containing  0. 9-1.0  gram)  on  a 
boiling  water  bath.  Three  sets  of  tests  were  run:  l)  with  air  present  >  2) 

with  nitrogen  present;  emd  3)  with  benzoyl  peroxide  present.  The  polymer 
was  precipitated  by  methanol  from  a  benzene  solution,  the  precipitation  rate 
being  the  same  for  e\ery  sample,  and  the  temperature  being  kept  constant  at 
20*.  The  polymer  was  thrown  down  as  white  floes  The  progress  of  polymeriza> 
tioh  at  100*  is  given  in  Table  1  and  in  the  figure* 

TABI£  I 


Polymerization  of  Nonene  at  100* 


,  ^  of  the  initial  monomer^ 

1  In  air  | 

1  In  nitrogen  i 

;  With  0.1% 

Time 

1  of  benzoyl 

1 

I  i>eroxlde 

I 

II 

I 

II 

I 

.11 

20  minutes  . 

6.05 

2.83 

k3  minutes . 

5.78 

2.97 

2,52 

1.54 

8.18 

6.05 

1.5  hour  . . 

7.18 

U.9L 

4.27 

2.82 

10.75 

7.60 

3.0  hours  . 

9.15 

6.18 

6.05 

4.01 

12.87 

8.71 

6.0  hours  . . . 

12.73 

8.0k 

9.22 

I  5.97 

16.05 

10-59 

9.0  hours  . . . 

15 ‘91 

9.62 1 

1 12.15  7.22 

19-54 

11.95 

18.0  hours  . . 

23.05 

14.00  j 

1 20.09 !  10.89 

26.01 

16.05 

In  every  case  the  reaction  mixture  was  a  liquid,  the  viscosity  of  which 
rose  with  the  polymerization  time.  Hence,  the  polymer  is  readily  soluble  in 
the  monomer.  When  the  reaction  mixture  contained  of  the  polymer,  the  mix¬ 
ture  resembled  glycerol  at  low  temperature  and  was  faintly  yellowish.  The 
relative  viscosity  of  l^t  solutions  of  the  reprecipitated  polymer  was  deter¬ 
mined  in  benzene  at  20*,  by  measuring  the  rate  of  flow  from  the  usual 
capillary  viscosimeter. 

The  results  are  tabulated  in  Table  2. 

n  Report  III  of  a  series  on  the  Synthesis  of  6,6-dimethyl-2-vlnylbicyclc- 
(l,l,3)-heptene-(2)  and  its  polymerization”. 

2)  Physical  constants  of  the  monomer:  I  “  d^4  O.887I;  l*50**5y  ^ 

12. U8*;  II  -  d^$  0.886U;  n^g  1.5039>  +  ®*70* 
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TABS  2 

Viscosity  of  a  15^  Solution  cf .  the 
Folyner  In  Benzene  az  20* 

(Folyaerlzatlon  In  Air) 


Polymerization 

Relative 

time,  hours 

viscosity 

3.0 

1.115 

6.0 

I.IU 

9.0 

1.112 

18.0 

i.m  • 

.  0  2  ti  i  9  10  n  t¥ 

The  polymerization  of  nonene  at  ICO* 

Polymerization  conditions;  1—  In  nitro¬ 
gen;  2  -  In  air;  2  ”  ^  presence 
of  0.1^  of  benzoyl  peroxide. 


*  The  polymer  produced  by  poly¬ 
merizing  the  nonene  In  nitrogen 
vas  piirifled  by  repreclpltatlng 
It  five  times  from  fresh  benzene, 
after  vhlch  ve  determined  the 
specific  viscosity  of  a  1^  solu¬ 
tion  In  benzene,  the  specific 
rotatory  pever  of  the  benzene 
solution,  the  Kraner-Sarnov 

softening  temperature,  and  Its  solubility  In  various  solvents.  The  approxisste 
molecular  weight  and  the* per  cent  polymerization  were  determined  from  the  weLl- 
known  Staudlnger  equation: 

#  ■ 

*nsp.  *  KflpM, 

the  constant  ^  being  taken  as  1.8*10”^,  l.e. ,  equivalent  to  that  of  styre»*  The 

results  of  our  an^yses  and  determinations  are  cited  below. 

• 

Polymerization  In  nitrogen  at  ICX)*.  Specific  viscosity  of  a  1^  solutlnr  in 
benzene;  0.ll<-5.  Molecular  weight;  11922.  Per  cent  polymerization:  80.  Siftenlng 
point:  I7O-I8OV.  Appearance  after  precipitation:  a  white  powder.  Speclf-r  rotatory 
•power:  -►  33.93* •  l/sp.A^  •  2.146. 

Solubility;  partially  soluble  In  ether,  with  difficulty;  slightly  sdufale.in 
gasoline;  soluble  In  benzene  and  In  chloroform;  Insoluble  In  alcohol,  eti^L  acetate, 
acetic  acid,  or  water. 

3.392  mg  subs.;  CO2  ll.lUO  mg;  H2O  3.12J6  mg. 

3.0^  mg  subs.:  CO2  9*925  lag;  HgO  2.838  mg. 

Found  C  89.57,  89.48;  H  10.35,  IO.5O. 

(CxiHie)x.  Calc.  C  89.19;  H  IO.81. 

The  specific  viscosity  and  the  molecular  weight  of  the  polymers  produrei  by 
polymerization  In  nitrogen.  In  air,  and  in  the  presence  of  benzoyl  peroxide  are 
listed  In  Table  3. 


t 


TABIX  3 

Specific  Viacoslty  axid  Molecular  Weight  of  Polymers  as  a  Function 
of  the  Polymerization  Conditions  ■ 


Polymerization  conditions 

Molecular 
weight,  M 

In  nitrogen . 

2.1U6 

U922 

In  air  . . . 

1.702 

9'»55 

In  the  presence  of  0.1%  of  benzoyl 
peroxide . . 

1.317 

7873 

SOMMART 

1.  Honene  can  be  polymerized,  yielding  high-molecular  products,  thermal 
polymerization  in  air  yielding  a  prodiict  with  a  molecular  weight  approximating 
9500,  thermal  polymerization  In  nitrogen  yielding  a  product  with  a  molecular 
weight  of  about  12000,  and  polymerization  In  the  presence  of  0.1%  of  benzoyl 
peroxide  yielding  a  product  with  a  molecular  weight  of  about  8OOO  (as  calculated 
by  the  viscoslmetrlc  method,  assuming  to  be  1.8*10*^,  as  for  styrene). 

2.  It  has  been  proved  that  the  polymerization  of  nonene  Is  a  chain- type  re¬ 
action,  since  prolonging  the  polymerization  time  merely  Increases  the  polymer 
yield  while  the  molecular  weight  of  the  polymer  secured  at  various  stages  of 
polymerization  remains  constant. 

3-  The  appearance  and  solubility  of  polynonene  resemble  those  of  poly¬ 
styrene,  but  Its  softening  point  Is  somewhat  higher. 
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CORRECTED  TABLES  FOR  THE  ARTICLES  BT  A.  L.  ROTI3IYA1I  AND  V.  XA.  2ELDES 

Report  I,  JAC  23.  717  (1950)* 

TABIR  1  TABLE  k 


concentraticn. 


pH  at  following  NaCl 
concentrations  in 


The  pH  at  the  onset  of  hydrate 
formation  drops  about  0.26  for  every 
10*  of  temperature  rise. 

All  the  values  of  pH  cited  in 
Tables  2  and  3  should  be  dlmlnisLed 

0.4.  * 


1  A.* 

_ L _ 5 _ f _ 50 

0 

5.3 

5.2 

10 

4.7 

^^.3 

20  ! 

*^.3 

4.0 

40 

3.7 

3.4 

TABIE  3 

pH  at  following  nickel 
Temperature,  concentrations,  grams/ 
•  C  _ liter  _ 

21  '  1^0  ST 


TABIZ  1 


Report  n,  JAC  23.  936  (1950)* 

TABLE  3 


After  the  run 


0.004 

0.05 

0.19 

0.50 

0.98 

3.U 


^)  These  corrections  in  no  way  affect  the  text  or  the  conclusions  of  the  papers 
in  question. 

*)  Cf.  Consultants  Bureau  English  translation,  p.  757» 

*)  Cf.  Consultants  Bureau  English  translation,  p.  991* 

A.  L.  Rotinyan  and  V.  Ta.  Zeldes 


2.  Liquid  flow  ?lg.  3*  Liquid  flow  Fig.  k.  Liquid  flow  Fig.  5.  Flooding  of  Fig.  6.  Flooding  of 

^^■lag  fil*  opera-  In  turbulent  opera-  In  eddy  operation.  the  column  above  the  column  below 

tlon.  the  packing.  the  packing. 
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viatica  of  Flne-Cralned  Crystalline  Maesee  In  Relation  to  Keertlow 
Their  Mlrturea 


Tif,  2.  Mlcr^hotographa  of  pollehed  aectlona  of  powdera*  a,  b.  c  -  araln  alae 
O.O68-O.I2  d  —  grain  alze  below  0.033 

a)  Antii*lte  powder  (X  50)j  b)  anthracite  powder  (X  50J;  c)  thoroughly  ahaken  anthracite 
powder  d)  aetallic  copper  powder,  produced  by  reducing  CUSO4  aolutlona  (X  120). 


A  Method  of  gllalaeclng  Sulfur  trcm  the  Rreclnltati 


1,2)  Precipitating 
flasks;  3)  rubber 
tubing;  k)  rubber 
tubing;  3)  ^  Itam; 

$  overflow  flask; 

7)  separatory  flask; 

8)  outlet  to  recelvar; 

9)  receiver;  10)  n&- 
purlfled  bath  entrass 
tube;  11)  siphon  tuk;; 
12)  supply  flask;  15 
sir  discharge  tu^  sod. 
condenser. 


P^e  Effect  of  Deformation  u 


Fig.  1.  b)  Weighting  the  de- 
Tlces  1  —  blocks;  2  -  wel^t. 


Extraction  Columns 


5 


I 


I 


N 


I 


